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FORFNORD 

An exploratory experimental and t h e o r e t i c a l  invest igat ion of  gaseous nuclear 
rocket technology i s  being conducted by the  United Aircraft Corporation Research 
Laboratories under Contract Ww-847 wi th  t h e  j o i n t  AEC-NASA Space Nuclear Propulsion 
Office. 
(USAF). 
September 15, 1964 and September 15, 1965 are described i n  t h e  following eleven 
r epor t s  ( including the present r e p o r t )  which comprise the  required t h i r d  Interim 
Summary Technical Report under the  Contract : 

The Technical Supervisor of the Contract f o r  NASA i s  Captain W. A. Yingling 
Results of t he  invest igat ion conducted during the  period between 
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Laboratories Report D-glOOgl->, September 1965, 

UAC Research 
(Unclassified) 

Johnson, B. V . :  
Heat Transfer t o  t h e  End Walls of Vortex-Stabilized Gaseous Nuclear Rocket 
Engines ( U )  . 
( r epor t  c l a s s i f i e d  Confidential)  

Analyt ical  Study of Propellant Flow Requirements f o r  Reducing 
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Johnson, B. V., and A. Travers: Analytical and Experimental Invest igat ion of 
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Research Laboratories Report D-910091-8, September 1965. 
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Mensing, A. E.,  and J .  S. Kendall: Experimental Invest igat ion of t h e  Effect  of 
Heavy-to-Light-Gas Density Ratio on Two-Component Vortex Tube Containment 
Charac t e r i s t i c s  ( U )  . 
1965. ( r epor t  c l a s s i f i e d  Confidential) 

UAC Research Laboratories Report D-910091-9, September 

Krascella,  N. L. : Theoret ical  Invest igat ion of t h e  Opacity of Heavy-Atom Gases. 
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Kesten, A. S., and R. B. Kinney: Theoretical  Effect of Changes i n  Constituent 
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Laboratories Report D-910099-2, September 1965. (Unclassif ied)  (present repor t  ) 

UAC Research 

McLafferty, G. H . ,  H. H. Michels, T. S. Latham, and R.  Roback: Analytical  
Study of  Hydrogen Turbopump Cycles f o r  Advanced Nuclear Rockets. 
Laboratories Report D-gl00g3-lgy September 1965. (Unclassif ied)  

UAC Research 

McLafferty, G. H. : 
Vortex-Stabilized Gaseous Nuclear Rocket Engines ( U )  . 
Report D-910093-20, September 1965. 

Analyt ical  Study of t he  Performance Character is t ics  of  
UAC Research Labora.tories 

( r epor t  c l a s s i f i e d  Confidential)  

I 
- I  
I 
I 
1 
1 
1 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 



D-910099- 2 

1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 

Report D- 9 10099 - 2 

Theoretical  Invest igat ion of t h e  Lowest Five Ioniza t ion  

Potent ia ls  of  Uranium 

TABLE OF CONTENTS 

Page 

S U M M A R Y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

P R O C E D U R E . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  5 

RESULTS AND DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

FEFEmNCES . . . . e . . . 11 

LIST OF SYMBOLS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
APPENDIXES 

I - LAYZEWS METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
1 1 - C O M P U T E R P R O G R A M  . . . . . . . . . . . . . . . . . . 22 

LIST OF TABLES . . . , , . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
TABLES I - XIV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 - 52 

FIGURES. e . . . . . . . . . . . .  . . . . . . . e .  e .  e .  e . . .  . . 5 3 - 5 5  



D-910099- 2 

Report D-910099-2 

Theoret ical  Invest igat ion of t he  Lowest Five Ioniza t ion  

Potent ia ls  o f  Uranium 

TABLE OF CONTENTS 

Page 

S U M M P ; R Y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

P R O C E ~ . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  5 

RESULTS AND DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 

LISTOFSYMBOLS. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 

APPENDIXES 

I - LAYZER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . 17 

1 1 - C O M P U T E R P R O G R A M  . . . . . . . . . . . . . . . . . . . 22 

LISTOFTABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 

TABLES I - XIV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 - 52 



Report D-910099-2 

Theoretical  Investigation of the ];owest Five Ionization 

Potent ia ls  of Uranium 

145BL 
Ionization po ten t i a l s  were calculated for  uranium and i t s  f irst  four pos i t ive  

A range of values was obtained ions using approximate quantum mechanical methods. 
f o r  each ionizat ion poten t ia l ,  w i th  the individual  values depending upon the  approx- 
imations enter ing i n t o  t h e  calculations.  The f i n a l  suggested values are:  
6.11 e.v.;  U ( I 1 )  - 17.5 e.v.;  U ( I I 1 )  - 37.5 e .v . ;  U(W) - 61 e.v.;  U(V)  - 118 e.v.  

I U(I) - 

Ionizat ion po ten t i a l s  f o r  U( I) through U( 111), d i f f e r ing  only s l i g h t l y  from 
these f i n a l  suggested values, were employed i n  an evaluation of the  following prop- 
e r t i e s  of equilibrium mixtures of hydrogen and uranium: species concentration, 
coef f ic ien ts  of v i scos i ty  and diffusion, and e f f ec t ive  Schmidt number. 
l a t i o n s  were performed a t  pressures of 100, 500, and 1000 atm., temperatures of 
20,000 K, 60,000 K, and 100,000 K, and fue l  p a r t i a l  pressure f rac t ions  of 0.09, 0.1, 
0.233, 0.367, 0.5, 0.633, 0.767, and 0.9. 
ca te  t h a t  t he  uranium ions of lower valency play an important ro l e  i n  the  determina- 
t i o n  of t h e  propert ies  of t he  mixture up t o  temperatures higher than had been indi-  
cated i n  preceding s tudies ,  thereby ra i s ing  s ign i f i can t ly  both the mixture v iscos i ty  
and e f f e c t i v e  hydrogen-uranium binary d i f fus iv i ty  a t  temperatures below about 
60,000 K. 
however, changes i n  the e f f ec t ive  Schmidt number are small. 

I 
1 
I 
I 

The calcu- 

The r e s u l t s  of these calculat ions ind i -  

Since the  changes i n  these two quan t i t i e s  a re  i n  the  same direct ion,  

1 
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INTRODUCTION 

In  s tud ies  of gaseous nuclear reac tor  concepts, t h e  ionizat ion p o t e n t i a l s  of 
n e u t r a l  uranium and several  of i t s  pos i t ive  ions a r e  required i n  order t o  evaluate 
t h e  t ranspor t  properties,  o p t i c a l  opacity, and radiant  heat t r a n s f e r  c h a r a c t e r i s t i c s  
of uranium as a fuel.  Previous inves t iga tors  (Refs. 1, 2, and 3) i n  attempting t o  
evaluate these propert ies  of uranium have found it necessary t o  assume values f o r  
ionizat ion poten t ia l s  other than the first, f o r  which a value near 6 e .v .  (Refs. 4, 
5, and 6)  seems t o  be r a t h e r  w e l l  es tabl ished.  
t h e  ion iza t ion  poten t ia l s  above t h e  f irst  have been based on in te rpre ta t ions  of 
t rends  i n  heavy elements reported i n  the l i t e r a t u r e  rather than on experimental data 
or  d e t a i l e d  calculat ions f o r  uranium. Because of the e f f e c t  of t h e  ion iza t ion  
p o t e n t i a l s  on those physical propert ies  which determine the f e a s i b i l i t y  of using 
uranium as a fuel ,  improved estimates of these  p o t e n t i a l s  were necessary. 

In  general, t h e  values assumed f o r  

Owing t o  the enormous experimental problems involved and the d i f f i c u l t y  of 
i n t e r p r e t i n g  the extremely complex spectrum of uranium, it was considered more 
reasonable t o  estimate the higher ionizat ion p o t e n t i a l s  by an approximate theoret-  
i c a l  method. The d e t a i l s  of the approximate quantum mechanical method which w a s  
used and t h e  r e s u l t s  obtained therewith a r e  described i n  t h e  following sec t ions .  

METHOD 

In  a l l  time-independent problems of quantum mechanics, t h e  c e n t r a l  problem i s  
obtaining a solut ion t o  Schrodinger's Equation 

where H is  t h e  Hamiltonian operator f o r  the system and En and $ n are t h e  
corresponding eigenvalues and eigenfunctions of t h e  system i n  the  quantum s ta te  
denoted by n . Exact solut ions of t h i s  equation f o r  atomic states e x i s t  only for  
the isoelectronicser ies  of t h e  hydrogen atom; f o r  a l l  other  atomic systems, only an 
approximate solut ion i s  possible .  
quantum state, n , of the system i s  given by 

The expectation value f o r  the energy i n  the 

I 'IJ: H \C/n dT 
1": J I n d T  

En = 

If the expectation value of the energy f o r  an atom i n  i t s  ground state con- 
f igura t ion  and the  expectation value of the  energy f o r  the ground s ta te  configura- 
t i o n  of the f i r s t  pos i t ive  ion of that  atom are calculated,  the  ion iza t ion  p o t e n t i a l  

2 
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( I .P .  ) of t h e  atom w i l l  be t h e  difference between these two expectation values.  
Let t ing t h e  subscr ipt  
of n e u t r a l  uranium is given by 

o designate the ground state, then t h e  ion iza t ion  poten t ia l  

I I.P. = E, (atom) - Eo (+ ion) I 
A similar expression exis ts  for  each of t h e  successively higher ionizat ion poten- 
t i a l s .  I n  t h i s  study, t h e  expectation value of t h e  ground state energy f o r  t h e  
atom and ions was obtained i n  three  s teps .  I n  the  f irst  s t e p  only t h e  average 
energy of t h e  electrons was obtained, without regard t o  t h e  s p l i t t i n g  of energy 
l e v e l s  i n  t h e  ground s t a t e  configuration of the atom o r  ion.  In  t h e  second step,  
t h e  core energy obtained f r o m t h e  first s t e p  was used as a b a s i s  fo r  a more accu- 
r a t e  calculat ion of t h e  energy i n  which t h e  s p l i t t i n g  of t h e  energy l e v e l s  i n  the  
ground state configuration w a s  accounted f o r .  Further refinements t o  t h e  calcula- 
t ion ,  which were obtained i n  s tep three ,  were the  inclusion of r e l a t i v i s t i c  correc- 
t i o n s .  
two are by far t h e  more important. This i s  p a r t i c u l a r l y  t r u e  f o r  uranium which has 
an extremely complex spectrum i n  which the energy l e v e l s  f o r  a given configuration 
may be widely spaced and, i n  fact ,  may overlap t h e  l e v e l s  of another configuration. 
It is  t h i s  feature which precludes t h e  use of s p e c t r a l  da ta  t o  obta in  t h e  higher 
ion iza t ion  p o t e n t i a l s .  The e f f e c t s  due t o  changes i n  t h e  core e lec t rons  ( r e l a -  
t i v i s t i c  mass change, spin-orbit  coupling, and Darwin' cor rec t ion)  can be expected 
t o  be r e l a t i v e l y  unimportant s ince t h e  e f f e c t i v e  nuclear charge (o r  scaled nuclear 
charge as used here)  w i l l  change by a very small amount for  t h e  core electrons i n  
going from the n t o  t h e  n + 1 ionized state.  Consequently, t h e  r e l a t i v i s t i c  
correct ions which, by t h e  present method, are based upon t h e  scaled nuclear charges 
obtained from t h e  non-re la t iv i s i t i c  Hamiltonian w i l l ,  s imilar ly ,  be changed by only 
a very small amount. Hence, the r e l a t i v i s t i c  correct ion terms which are added t o  
t h e  energy of t h e  atom and ion a r e  very near ly  equal.  
t i a l ,  which i s  j u s t  t h e  difference between the energies of t h e  atom and ion w i l l ,  
therefore ,  be changed by only t h e  difference i n  t h e  two correct ion terms. 
argument could a l s o  be made f o r  any higher ionizat ion p o t e n t i a l  considered i n  t h i s  
study. 

O f  t h e  correct ions added t o  the average energy, those obtained from s t e p  

The first ionizat ion poten- 

This 

The mathemt ica l  formulation is par t icu lar ly  simple when only t h e  e lec t ro-  
s t a t i c  energy or t h e  average energy for a configuration i s  considered. 
average energy and t h e  corresponding approximate eigenfunctions which were ob- 
t a i n e d  i n  t h e  first s tage of obtaining a solut ion f o r  t h e  ionizat ion poten t ia l s  of 
uranium. Several  methods are available f o r  obtaining these approximate eigen- 
functions including three  which were considered i n  d e t a i l .  

It was t h i s  

The first of these,  a s implif ied Hartree-Fock-Slater approximation (Ref. 7 )  
pred ic ted  the  removal of a 7s electron from the  6d5f37s2 outer s h e l l s  t o  form 
normal U ( I 1 ) .  (Note: The ground s t a t e  uranium atom i s  designated as U ( 1 )  and 
t h e  successive ionizat ion l e v e l s  as U( 11), U(  111), e t c  ) . However, t h e  normal 
s ta te  of U(  11) i s  general ly  accepted as having a 5f37s2 configuration which 
results from t h e  removal of a 6d electron.  The s implif ied Hartree-Fock-Slater 

3 



method w a s  therefore ruled out as being too  crude an approximation f o r  t h i s  study. 
The second method, a more accurate Hatree-Fock treatment (Ref. 8) which includes 
spin-orbi t  and r e l a t i v i s t i c  e f fec ts ,  does indeed predict  the  correct  configuration 
f o r  U(I1). 
of requir ing a great amount of computation time. This approach was therefore  
re jected.  
w a s  chosen because of i t s  r e l a t i v e  mathematical simplicity,  which indicated t h a t  
l e s s  computation t i m e  would be required than w i t h  the  second method, and a l s o  
because of the  success with which t h e  method had been used by Naqvi and Victor 
(Ref. lo), t o  ca lcu la te  approximate wave functions and energy leve ls ,  f o r  both 
ground and excited states f o r  a l l  the  atoms and the  f i rs t  20 pos i t ive  ions along t h e  
corresponding isoelectronic  s e r i e s  which contain from t h r e e  t o  f i f t y - f i v e  electrons.  
Their r e s u l t s  w e r e  i n  good agreement with Hartree-Fock calculat ions where comparison 
w a s  possible  and, i n  some cases ( f o r  t h e  smaller systems), yielded b e t t e r  values f o r  
t h e  energy. 
Appendix I. 
l a t i o n  i s  presented i n  Appendix 11. 

This approach may be qui te  exact i n  many cases, but has the  disadvantage 

The t h i r d  method, a per turbat ion-variat ion method due t o  Layzer (Ref .  9) 

The theory of th i s  per turbat ion-variat ion method i s  described i n  
A description of t h e  computer program developed t o  perform t h e  calcu- 

After the  t o t a l  average energy f o r  a given e lec t ron  configuration had been 
obtained by t h i s  perturbation-variation approach, t h e  optimized one-electron 
o r b i t a l s  (hydrogen-like o r b i t a l s )  obtained from t h i s  approach were used t o  construct  
a properly antisymmetrized wave funct ion f o r  t h e  valence electrons i n  the f i e l d  of 
a c e n t r a l  core defined by t h e  average energy calculat ion.  
s h e l l s  do not contribute t o  the  s p l i t t i n g  i n  the e lec t ronic  energy l e v e l s  and the  
core electrons could therefore  be ignored except f o r  t h e i r  e f f e c t  on nuclear 
charge.) This wave function w a s  then used i n  a separate  propr ie ta ry  UAC computer 
program, which had been previously developed by UARL as p a r t  of i t s  i n t e r n a l  
research program, t o  determine t h e  r e l a t i v e  separations of t h e  energy l e v e l s  f o r  
t h e  various possible sublevels of t h e  e lec t ronic  energy s t a t e .  
which t h i s  program i s  based i s  described i n  Ref. 11. 

(Electrons i n  closed 

The analysis  upon 

R e l a t i v i s t i c  correct ions were calculated f o r  t h e  atom using t h e  formulas given 
by Herman and Skillman (Ref. 7). These formulas allow f o r  mass, Darwin, and spin- 
o r b i t  correct ions t o  the  energy. They a r e  based upon t h e  use of hydrogenic o r b i t a l s  
as the  b a s i s  set f o r  the wave funct ion and t r e a t  t h e  r e l a t i v i s t i c  correct ions as a 
first order perturbation. The correct ion terms by t h i s  first order  per turbat ion 
ca lcu la t ion  are correct t o  order 
( =  1/137.037). 
both w i t h  and without these r e l a t i v i s t i c  correct ions.  

y 2  where i s  t h e  f i n e  s t r u c t u r e  constant 
The ionizat ion p o t e n t i a l s  f o r  a l l  ions of i n t e r e s t  were calculated 
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PROCEDURE 

Ground s t a t e  configurations f o r  uranium and i ts  first four  pos i t i ve  ions, 
based on an analysis  of t h e i r  spectra ,  have been proposed i n  the  l i t e r a t u r e  
(Ref. 12). 
of t he  r a r e  ea r th  se r i e s ,  however, t h e  proposed configurations a r e  subject  t o  ques- 
t i on .  
as p a r t  of t h i s  study. 

Because of t h e  enormous d i f f i c u l t y  i n  analyzing t h e  spec t ra  for a member 

For t h i s  reason, v e r i f i c a t i o n  of the proposed configurations w a s  attempted 

I n  order t o  v e r i f y  t h e  proposed electronic  configuration f o r  a p a r t i c u l a r  ion, 
s eve ra l  of t h e  most probable e lec t ronic  configurations f o r  t h a t  ion were assumed and 
t h e  t o t a l  average energy ( e l e c t r o s t a t i c  energy) f o r  each of these configurations w a s  
then calculated by t h e  per turbat ion-variat ion approximation. For each spec i f ied  con- 
f igu ra t ion  of t h e  atom o r  ion of i n t e re s t ,  t he  scaled nuclear charge w a s  ca lcu la ted  
by t h e  per turbat ion-variat ion method. (The scaled nuclear charge i s  defined as 

2 ,  = - ( t - S , )  where no i s  the p r inc ip l e  quantum number and S a  i s  the 
screening constant f o r  t h e  e lec t ron  s h e l l  designated by a , and Z i s  the  t r u e  
nuclear charge.) 
charges were var ied u n t i l  t h e  f i e l d  which w a s  set up by these  charges wzs cons is ten t  
with t h e  values of t h e  charges. Since an i t e r a t i v e  scheme w a s  used, it w a s  neces- 
sa ry  t o  s e t  up some c r i t e r i a  t o  determine when t h e  convergence of t h e  scaled nuclear 
charge had been completed. The c r i t e r i a  which w a s  decided upon w a s  that  values of 
t h e  scaled nuclear charges determined i n  two successive i t e r a t i o n s  should d i f f e r  by 
no more than .0001. This c r i t e r i a  w a s  maintained f o r  a l l  calculat ions.  After  t h i s  
convergence c r i t e r i a  had been sa t i s f i ed ,  t h e  average energy f o r  t h e  atom (o r  ion) 
w a s  determined by t h e  simple r e l a t i o n  

2 
" a  

By an i t e r a t i v e  procedure, t h e  values of t h e  scaled nuclear 

where q a  i s  t h e  number of e lec t rons  in  t h e  e lec t ron  she l l  designated by OL , 
and 2 ,  i s  t h e  sca led  nuclear charge for  t h a t  she l l .  The summation i s  taken over 
a l l  shel ls  which contain electrons.  Ideally,  t h i s  procedure would y i e ld  a sequence 
of values of average energy f o r  a number of spec i f ied  configurations f o r  t h e  atom 
or ion, with the  lowest energy corresponding t o  the  ground s t a t e  configuration. 
However, t h e  present  method of calculat ion i s  s u f f i c i e n t l y  inexact t h a t  our r e s u l t s  
were sometimes i n  disagreement with the ordering of t he  l e v e l s  proposed from i n t e r -  
p r e t a t i o n  of s p e c t r a l  s tud ies .  
determine which of the two w a s  most l i ke ly  t o  be correct .  The addi t iona l  c r i t e r i a  
which were used were: (1) t h e  agreement of e i t h e r  our ca lcu la t ions  o r  t he  r e s u l t s  
of s p e c t r a l  ana lys i s  with t h e  Hartree-Fock ca lcu la t ions  (Ref. 8); and (2) t h e  regu- 
lar behavior of t h e  core energy as electron was removed t o  form t h e  proposed con- 
f igu ra t ion .  It w a s  expected t h a t  t h e  core energy would increase i n  a near- l inear  
fash ion  as t h e  valence e lec t rons  were removed. Since t h e  lowest configurations f o r  
both U ( 1 )  and U ( I 1 )  a r e  f a i r l y  we l l  established, t he  calculat ions f o r  these  two 

It w a s  then necessary t o  use other  c r i t e r i a  t o  
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systems give an approximate measure of how much the  core energy should increase with 
the removal of each successive e lec t ron  (Fig. 1). Since t h e  removal of the f irst  
valence e lec t ron  had increased t h e  core energy by about 2.5 Hartree u n i t s  (1 H a r -  
t r e e  = twice the  ionizat ion p o t e n t i a l  of the  hydrogen atom), t h e  removal of the 
second e lec t ron  was therefore  expected t o  f u r t h e r  increase t h e  core energy by 
approximately 2.5 Hartree u n i t s .  
determining t h e  lowest configuration is int imately t i e d  up w i t h  t h e  energy calcula- 
t i o n  i t s e l f  and was not a method which permitted the  determination of t h e  configur- 
a t i o n  before t h e  energy ca lcu la t ion  w a s  completed. 

It should be emphasized tha t  t h i s  method f o r  

For the ions, U ( I I 1 )  and U(V) ,  t h e  calculated t o t a l  average energies l e d  t o  the  
predict ion of a configuration i n  disagreement w i t h  the  configuration of Ref. 12. 
For the U ( I I 1 )  ion, it had been assumed t h a t  the e lec t ronic  configuration would be 
a radon core f o r  the core atoms plus  one of the three  possible  configurations:  
(1) O f  these  three  con- 
f igurat ions,  t h e  second one produced t h e  lowest average energy; it was, i n  f a c t ,  
about 3.9 electron v o l t s  below the  average energy f o r  U ( I 1 ) .  
the  wave function f o r  t h i s  configuration, however, it w a s  noted t h a t  t h e  core elec-  
t rons  were changed d r a s t i c a l l y  from those calculated from configurations (1) or  (3).  
This s t rongly indicated t h a t  the  ca lcu la t ion  f o r  configuration (2) should not be 
considered va l id .  To v e r i f y  t h i s  conclusion, ca lcu la t ions  were car r ied  out con- 
s ider ing only the  valence electrons f o r  the  t h r e e  configurations with t h e  same com- 
puter  program which w a s  used t o  determine the  s p l i t t i n g  of t h e  levels .  
culat ions indicated t h a t  configuration (2) w a s  an exci ted s t a t e  of t h e  system. 
addition, t h e  near-l inear increase of t h e  core energy as t h e  valence electrons were 
removed w a s  s a t i s f i e d  by both t h e  5f37s and the 5f36d configurations,  but  t h i s  t rend  
was not s a t i s f i e d  by the 5f272configuration, again indicat ing t h a t  it w a s  not t h e  
lowest configuration f o r  t h i s  ionizat ion leve l .  The choice of t h e  5f37s configura- 
t i o n  rather than the 5f36d w a s  then confirmed by both t h e  averaged energy calcula-  
t i o n  and the  more exact ca lcu la t ion  which considered only valence electrons.  This 
choice i s  i n  disagreement w i t h  the  assigned configuration of Ref. 12, but agrees 
w i t h  t h e  implied configuration of Ref. 13. 

5f37s, (2)  5f27s2, or  (3) 5f36d f o r  the outer  e lectrons.  

Upon examination of 

These ca l -  
I n  

The r e s u l t s  of t h e  per turbat ion-variat ion approach a l s o  f a i l e d  t o  agree w i t h  
t he  s p e c t r a l  predict ion of Ref. 12 f o r  the lowest configurat ion f o r  U ( V ) .  
gest ion i s  made i n  Ref. 12 t h a t  U ( V )  would be produced i n  i t s  ground s t a t e  by t h e  
removal of a 5f e lectron from U ( I V ) ,  t h e  6d and 7 s  e lec t rons  having a l l  been 
removed. The treatment of Ref. 8 a l s o  suggests t h e  removal of a Sf  e lectron.  Our 
resu l t s ,  however, indicated t h a t  a 6p e lec t ron  would be released from the  core p r i o r  
t o  the  removal of a 5f e lectron.  To e s t a b l i s h  whether t h e  6p o r  5f e lec t ron  l i e s  
lower i n  energy, calculat ions were performed on two possible  configurations using 
the exact analysis with s p l i t t i n g  of energy leve ls ,  first on t h e  configuration 
6p25f2 and second on t h e  configuration 6p5f3. It w a s  not necessary t o  consider t h e  

s h e l l  can hold only 6 electrons,  four of which a r e  paired,  t h e  configuration 6p55f3 

The sug- 

more complete configurations 6p55f3 and 6p 6 2  5f i n  t h i s  calculat ion.  Since the  p 
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and 6p5f3 and t h e  6p 6 2  5f and 6p25f2 configurations can be constructed t o  be 
equivalent insofar  as the  s p l i t t i n g  of the energy l e v e l s  is concerned. 
configuration w a s  lower i n  energy, i n  agreement with t h e  s p e c t r a l  assignment of 
R e f .  12. Therefore, t he  per turbat ion-variat ion method w a s  abandoned and the  lowest 
configuration was taken t o  be 5f2. To ge t  a value f o r  t h e  core energy f o r  U(V) ,  
t h e  scaled nuclear charges obtained from t h e  ca lcu la t ion  f o r  a 6p55f3 configuration 

6 2  were used and the  summation i n  Eq. (1) car r i ed  out over t he  desired 6p 5f core. 
Some e r r o r  w a s  introduced i n  t h i s  manner, but  t h e  increase i n  core energy versus 
t h e  degree of ion iza t ion  f e l l  very close t o  t h e  expected near- l inear  behavior. 

The 6p25f2 

Since t h e  per turbat ion-variat ion procedure had predicted inco r rec t ly  the energy 
ordering f o r  6p and 5f e lectrons,  it was no longer possible  t o  obta in  a r igorous 
v a r i a t i o n a l  ca lcu la t ion  t o  determine the probable e l ec t ron ic  configurations f o r  
U(V1) .  
t h e  help of R e f .  8, w a s  taken t o  be 5f. 

It w a s  necessary, therefore ,  t o  assume a configuration f o r  U(V1)  which, with 

The core energy fo r  U(V1)  w a s  determined i n  a more approximate manner. Both 
the  maximum and minimum change i n  core energy i n  going from one ion t o  t h e  next most 
pos i t i ve  ion w a s  determined from the  data on the  neu t r a l  atom and first four  ions.  
By adding each of these  q u a n t i t i e s  t o  the core p o t e n t i a l  obtained f o r  U(V) ,  l i m i t s  
f o r  t h e  m a x i m u m  and minimum value of the core p o t e n t i a l  f o r  U(V1) were set. These 
l i m i t s  are indicated i n  Fig. 1. The value f o r  t he  core p o t e n t i a l  which w a s  used t o  
determine t h e  average energy f o r  U(V1)  was taken as the  ar i thmetic  mean of the 
maximum and minimum values defined by t h i s  method. 
l i m i t s  is only about 11 e.v., so t h a t  t h e  e r ro r  introduced by t h i s  approximation i s  
a t  most about 6 e.v., if t he  l i n e a r  extrapolat ion is  val id .  
f i gu ra t ions  chosen f o r  t h e  atom and ions a r e  summarized i n  column I of Table I. 

The d i f fe rence  between t h e  two 

The ground s ta te  con- 

After t h e  above ca lcu la t ions  had been completed, t h e  energy l eve l s  f o r  t h e  
var ious poss ib le  sublevels  of the  selected ground state configurations were calcu- 
l a t e d  using a properly antisymmetrized wave funct ion f o r  the  valence e lec t rons  only, 
based upon a representat ion using t h e  optimized screened hydrogenic o r b i t a l s  from 
t h e  per turbat ion-variat ion ca lcu la t ion .  
gram (Ref. 11) w a s  used i n  carrying out t h i s  phase of t h e  calculat ion.  
e f f e c t  of t h e  core e lec t rons  which were l e f t  out,  an e f f ec t ive  charge w a s  needed; 
t h i s  e f f e c t i v e  charge was spec i f ied  by a s ing le  parameter, t h e  magnitude of which 
w a s  f i xed  at  t h r e e  d i f f e r e n t  values, which corresponded t o  a first ioniza t ion  poten- 
t i a l  of the atom being ca lcu la ted  as  6.11 e.v. (experimental - R e f .  6), 5.76 e.v. 
(approximate screened hydrogenic), and 4.39 e .v. (Hartree-Fock-Slater approximation 
- Ref. 8). 
s tage  of the calculat ion.  

An ex i s t ing  propr ie ta ry  UAC computer pro- 
To match t h e  

No optimization of t h e  one-electron o r b i t a l s  w a s  performed during t h i s  

The optimized scaled nuclear charges obtained from the  per turbat ion-variat ion 
ca l cu la t ion  were used t o  ca l cu la t e  t h e  r e l a t i v i s t i c  correct ions t o  t h e  
using the  formulas given by Herman and Skillman (Ref. 7). The r e s u l t s  
present  ca lcu la t ions  both w i t h  and without these  correct ions a re  given 
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t o t a l  energy 
of t h e  
i n  Table I. 



RESULTS AND DISCUSSION 

The converged values of the  scaled nuclear charges f o r  n e u t r a l  uranium and t h e  
f i rs t  three  posi t ive ions a r e  l i s t e d  i n  Table 11. The scaled nuclear charges for 
U(V)  and U(V1)  are not included here, s ince the  per turbat ion-variat ion method had 
f a i l e d  t o  pred ic t  t h e  correct  ordering of t h e  energy l e v e l s  f o r  U ( V ) .  

It may be seen from Table I1 t h a t  these scaled nuclear charges do not change 
by la rge  amounts in  progressing from one ionic  species t o  t h e  next species w i t h  one 
higher degree of ionization. The scaled nuclear charges ind ica te  t h a t  the  6s and 
6p shells contract  very rapidly as t h e  degree of ionizat ion increases;  t h e  other  
closed shells a r e  a f fec ted  t o  a considerably l e s s  degree, t h e  general  t rend  being 
toward a s l i g h t  expansion r a t h e r  than a contract ion as observed f o r  t h e  6s and 6p 
s h e l l s .  
th ree  electrons i n  t h e  s h e l l ,  it may be considered as one of t h e  valence s h e l l s .  
Yet the removal of t h e  6d and 7s electrons r e s u l t s  i n  t h e  5f s h e l l  remaining almost 
unaffected. This ind ica tes  t h a t  t h e  5f e lectrons a r e  buried deep i n  t h e  core. 

The behavior of t h e  5f s h e l l  is  p a r t i c u l a r l y  i n t e r e s t i n g  since,  w i t h  only 

I n  every t h e o r e t i c a l  determination of the  ground state energy some e r r o r s  a r e  
introduced j u s t  by t h e  approximation method used t o  car ry  out t h e  calculat ion.  The 
l a r g e s t  e r r o r  introduced i n  t h i s  way by the present ca lcu la t ion  i s  t h a t  due t o  cor- 
r e l a t i o n  e f f e c t s .  Since such e f f e c t s  a r e  wel l  understood and a r e  discussed i n  
advanced t e x t s  on atomic s t r u c t u r e  calculat ions (e.g., Ref. 14) they w i l l  not be 
discussed here. 
of t h e  various approximations used w i l l  be discussed. 

Only those e r r o r s  which have been introduced within the  framework 

The e r r o r s  introduced i n t o  the  ca lcu la t ion  of the first t h r e e  ion iza t ion  poten- 
t i a l s  a r e  probably not serious.  Some improvement could have been obtained by 
t r e a t i n g  t h e  l e v e l  s p l i t t i n g  within the  per turbat ion-variat ion method. 
have allowed complete optimization of the  scaled nuclear charges. 

, 
This would 

Even so, it i s  
~ 

not f e l t  t h a t  any ser ious e r r o r  w a s  introduced by the  approach which w a s  used. 

The r e l a t i v i s t i c  correct ions were only minor correct ions,  as expected, for t h e  
f i r s t  three  ionization l e v e l s ;  however, t h e  ion iza t ion  p o t e n t i a l  of U ( N )  w a s  
decreased by some 7 e.v. when these  correct ions were made. Since these correct ions 
a r e  made using the scaled nuclear charges obtained from t h e  n o n r e l a t i v i s t i c  calcu- 
l a t i o n  

some e r r o r  i s  introduced. It i s  f e l t  t h a t  the  r e l a t i v i s t i c  correct ions for  t h i s  
case have been overestimated; consequently, t h e  suggested value (Table I) f o r  t h i s  
ionizat ion p o t e n t i a l  w a s  chosen more i n  accord with t h e  n o n r e l a t i v i s t i c  values. 

and s ince t h e  scaled nuclear charges which were used were those obtained f o r  
I t h e  6p 5 3  5f configuration and not t h e  ones obtained for  t h e  6 p 6 5 8  configuration, 

Values of t h e  uranium ionizat ion p o t e n t i a l s  derived i n  t h i s  study for  U ( I 1 )  
and U (  111) were used t o  reca lcu la te  the  species  concentrations,  coef f ic ien ts  of 

a 



D-910099-2 

v i s c o s i t y  and diffusion,  and r e l a t e d  quant i t ies  which were previously reported 
(Refs. 1 and 2) f o r  a number of equilibrium mixtures of hydrogen and uranium. 
Revised values f o r  these  quan t i t i e s  a re  shown i n  Tables 111-XI11 at  pressures  of 
100, 500, and 1000 a t m ,  temperatures of 20,000, 60,000, and 100,000 K, and f o r  
PFuE’L/P r a t i o s  of 0.09, 0.1, 0.233, 0.367, 0.5, 0.633, 0.767, and 0.9. A t  t he  time 
these  ca lcu la t ions  were i n i t i a t e d ,  t h e  r e l a t i v i s t i c  correct ions t o  the  energies had 
not been computed so  a set of preliminary values were used. These values a r e  ind i -  
cated i n  the  four th  column of Table I. These values a re  s u f f i c i e n t l y  c lose t o  the  
values f i n a l l y  suggested t h a t  t he  e r ror  introduced by t h e  discrepancy i s  expected 
t o  be qui te  small (Ref. 15) .  The e f f ec t  of t he  revised ion iza t ion  po ten t i a l s  upon 
the  r e l a t i v e  concentrations of t h e  various uranium species  is t y p i f i e d  by t h e  
behavior of t h e  curves shown i n  Fig. 2 where these  concentrations a re  p lo t t ed  
aga ins t  temperature f o r  a pressure of 1000 a t m  and a PmJP r a t i o  of 0.5 using both 
t h e  new da ta  and t h e  o ld  da t a  from Ref, 1. The da ta  i n  Table I11 and Fig. 2 indi-  
ca t e  t ha t ,  as would be expected, the increased values f o r  t h e  ion iza t ion  po ten t i a l s  
of U(I1) and U(II1) causes t h e  uranium ions of t h e  lower valences t o  play an 
increased r o l e  i n  the determination of t h e  proper t ies  of a given mixture out t o  
higher temperatures than had been indicated previously. The changes i n  concentra- 
t i o n s  are, however, most s ign i f i can t  i n  t h e  regions of lower temperature; a t  t h e  
highest  temperatures considered the  uranium mixtwes a re  again predominantljj U+++ 
and e lec t rons .  A complete evaluat ion of t h e  e f f e c t s  of t h e  rev ised  values of t h e  
ion iza t ion  p o t e n t i a l  on t h e  concentrations of more highly ionized states has not 
been poss ib le  s ince  t h e  computer program used f o r  making these  ca lcu la t ions  (Ref. 3) 
i s  ab le  t o  consider only s t a t e s  through U+++. 
that  states above U’++ w i l l  be  much l e s s  important than had previously been con- 
s idered  poss ib le  even at temperatures near lo5 K. 
from states above U+++ may s t i l l  occur near t h i s  temperature. 

The t rends shown i n  Fig. 2 ind ica te  

Nevertheless some contr ibut ion 

The changes i n  t h e  concentrations are r e f l ec t ed  i n  t h e  recomputed values of 
t h e  t r anspor t  data.  
Tables IV-XI11 a r e  seen t o  agree we l l  w i t h  the  corresponding values i n  Refs. 1 or  2 
a t  100,000 K, but  t o  d i f f e r  more s ign i f i can t ly  from these  corresponding values a t  
20,000 K. (Reference 2 w a s  published subsequent t o  t h e  r e l e a s e  of Ref. 1 and con- 
t a i n s  values of t h e  mixture proper t ies  such as v iscos i ty ,  e f f ec t ive  binary d i f fus -  
i v i t y ,  and Schmidt number which were revised when more sophis t ica ted  ca lcu la t ion  
procedures became ava i lab le .  The da ta  contained the re in  are ,  however, s t i l l  based 
on t h e  o l d  values f o r  t he  uranium ionizat ion poten t ia l s . )  
as component v i s c o s i t i e s  (Table IV) and binary in t e r ion ic  d i f f u s i v i t i e s  (Table V) 
which are not s t rongly dependent upon composition, t he  changes are, f o r  t h e  most 
p a r t ,  small. However, f o r  those propert ies  such as mixture v i scos i ty  (Table VI) 
and e f f e c t i v e  hydrogen-uranium binary diff’usivity (Table VIII), which a re  s t rongly 
composition dependent, the  changes a r e  more s igni f icant ,  some of t h e  values 
increas ing  by as much as a f a c t o r  of 3 1/2 at  the lowest pressure,  temperature, and 
P m J P  r a t i o s  s tudied.  
s t rongly  composition dependent, are,  however, much l e s s  marked due t o  the  tendency 
f o r  v i s c o s i t y  and d i f f u s i v i t y  t o  both increase i n  the same d i rec t ion .  

Thus, without exception, a l l  of t h e  quan t i t i e s  reported i n  

For those proper t ies  such 

Changes i n  the Schmidt number which is, i n  general, a l so  

This i s  
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indicated by t h e  curves i n  Fig. 3 which show t h a t  t h e  broad range of Schmidt numbkrs 
encountered does not change s igni f icant ly ,  although t h e  values f o r  a spec i f ied  
temperature, pressure and f u e l  p a r t i a l  pressure may change by as much as 50% i n  
some cases. Schmidt numbers and e f f ec t ive  binary d i f f u s i v i t i e s  are not reported f o r  
t he  fue l - r ich  mixtures a t  20,000 %, As can be seen from Fig. 2, a t  t h i s  tempera- 
t u r e  the  changes brought about i n  t h e  concentrations of t he  uranium ions of higher  
valency by t h e  use of new values for t h e  corresponding ion iza t ion  po ten t i a l s  are 
r a the r  severe. This causes spurious values f o r  t he  e f f ec t ive  gradients  calculated 
f o r  these  species  i n  t h e  fue l - r i ch  mixtures a t  t h i s  temperature, thereby leading t o  
anomalous values f o r  3 :$ and t h e  Schmidt number. The use of more c lose ly  
spaced points  i n  the ca lcu la t ion  of t h e  concentration gradients  should eliminate 
t h i s  problem. 
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LIST OF SYMBOLS 

One Bohr radius  (r ,52 x low8 cm) 

The i t h  member of a set  of expansion coef f ic ien ts  

I n t e g r a l  over t h r e e  Legendre functions 

Binary d i f f u s i v i t y  describing mutual d i f fus ion  of 
species i and j, ft2/sec 

Effect ive binary diff 'usivity describing mutual d i f fus ion  of 
hydrogen-based and uranium-based const i tuents ,  f t*/sec 

Binary d i f f u s i v i t y  calculated using a Coulomb p o t e n t i a l  
with a cutoff at t h e  Debye length, f t2/sec 

Binary d i f f u s i v i t y  calculated using a shielded Coulomb 
poten t ia l ,  f t2/sec 

Binary diff 'us ivi ty  calculated using a Coulomb p o t e n t i a l  w i t h  a 
cutoff  at t h e  outer  radius of an ionic  c e l l ,  f t  2 /sec 

Coefficient of diffusion i n  a multicomponent mixture, f t2/sec 

f t 2  
0 -  

l b  Effect ive mass d i f f u s i v i t y  f o r  species i ' lb mole sec 

Eigenvalue of the  Hamiltonian operator, specifying t h e  expectation 
value of the  energy f o r  the  quantum s t a t e  labeled by n ,  atomic u n i t s  

One-electron energy operator showing e x p l i c i t  dependence upon 
number of e l e c t r o n s , N ,  and atomic number, Z ,  atomic u n i t s  

S l a t e r  coulomb i n t e g r a l  between electrons i n  s h e l l s  Q and 

S l a t e r  exchange i n t e g r a l  between electrons i n  shells Q and B 

Quantum mechanical Hamiltonian operator 

Hamiltonian operator showing e x p l i c i t  dependence upon number of 
e lectrons,  N, and atomic number, Z .  

Used as summation indices 
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LIST OF SYMBOLS 
(cont Id) 

I P  

J? 

L a  

mi 

eff  
m i  

Mi  

n 

na 

ni 

n ions 

N 

NSC 

0 

P 

P 

PF”EL 

‘ l a  

ri 

ri j 

R 

Ionization poten t ia l ,  e lec t ron  v o l t s  

Angular momentum quantum number 

Angular momentum quantum number f o r  e lec t ron  i n  s h e l l  denoted by Q 

P a r t i c l e  mass of species i, l b / p a r t i c l e  

Effect ive p a r t i c l e  mass of pseudo-species i, l b / p a r t i c l e  

Molecular weight of species i, lb/lb-mole 

Total number densi ty  of p a r t i c l e s  i n  a system, 

Principle  quantum number of s h e l l  

Number densi ty  of species i, particles/cm3 

Q 

Number densi ty  of ions, particles/cm3 

Number of e lectrons on atom o r  ion 

Schmidt number 

Subscript indicat ing s e t  of quantum numbers for t h e  
ground s t a t e  atom or ion 

Par i ty  

Total pressure, a t m  

.Pressure of fuel-based const i tuents ,  a t m  

Number of e lectrons i n  s h e l l  a 

R a d i a l  coordinate of e lectron labe led  by i, Bohr r a d i i  

I n t e r p a r t i c l e  separation of e lec t rons  labeled by i and j ,  Bohr r a d i i  

Contribution t o  the  two-electron energy tha t  depends on quantum 
numbers o ther  than  t h e  p r i n c i p l e  and angular momentum quantum numbers 
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LIST OF SYMBOLS 
(cont 'd) 

Total  spin f o r  t w o  electrons 

Screening constant f o r  e lectrons i n  s h e l l  spec i f ied  by the  Q 

s e t  of quantum numbers 

Temperature, K 

Neutral  uranium atom 

Singly ionized uranium 

Doubly ionized uranium 

Matrix defined by Eq. ( l l b )  of Appendix I1 

Two-electron p o t e n t i a l  energy operator for an N e lec t ron  
atom, Hartree 

Eigenvalues of t h e  two-electron in t e rac t ion  matrix 

Calculated average energy, Hartree 

Calculated average energy showing e x p l i c i t  dependence on t h e  
s e t  of screening constants, Hartree 

Scaled nuclear charge ( =  - ( Z  - S,) ) 

Atomic number or nuclear charge 

2 
" a  

Effec t ive  nuclear charge f o r  e lec t rons  i n  the  s h e l l  denoted by Q 

Set  of numbers specifying the pr inc ip le  and angular momentum 
quantum numbers for an electron 

Kronecker d e l t a  ( =  1 if Q = , = 0 if Q # p  ) 

Fine s t ruc tu re  constant (=  1/137.037) 

Increment 

Viscosi ty  of component i, lb/f t -sec 



LIST OF SYMBOLS 
(cont ‘d) 

Binary v i scos i ty  term used i n  ca lcu la t ion  of mixture 
v iscos i ty  f o r  a binary system, lb / f t - sec  

Viscosity calculated using a coulomb p o t e n t i a l  with a 
cutoff at t h e  Debye length, lb / f t - sec  

Viscosity calculated using a shielded-coulomb po ten t i a l ,  lb/ft -sec 

Viscosity ca lcu la ted  using a coulomb p o t e n t i a l  with a cutoff  
a t  t h e  outer  rad ius  of an ion ic  c e l l ,  lb / f t - sec  

Mixture v iscos i ty ,  lb / f t - sec  

Total  mass density,  l b / f t 3  

Summation symbol 

Wave funct ion f o r  system i n  quantum s t a t e  spec i f ied  by t h e  
s e t  of quantum numbers n 

Complex conjugate of J/”  

Laplacian operator 

P a r t i a l  der iva t ive  with respect  t o  t h e  independent var iab le  X 

( X  i s  a r b i t r a r y )  
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APPENDIX I 

LAYZER'S METHOD 

The method 
duced by Layzer 
ing paragraphs. 

f o r  determining the  electronic  energy of an atom which was in t ro -  
(Ref. 9 )  and used i n  t h e  present study i s  described i n  the follow- 
In t h i s  method, a model i s  assumed such t h a t  each e lec t ron  of the  

system i s  considered t o  move i n  i t s  own stat ionary o r b i t  i n  a cent ra l  f i e l d  
produced by some e f f ec t ive  nuclear charge and the  in t e re l ec t ron  repulsion i s  
t r e a t e d  as a per turbat ion.  The wave equation f o r  t he  system of N p a r t i c l e s  then 
separates  i n t o  
j u s t  t he  sum of the  expectation values o f t h e  N one-electron Hamiltonians. A 
minimum value f o r  the t o t a l  energy i s  determined va r i a t iona l ly .  

N , uncoupled, hydrogen-like equations and the  t o t a l  energy i s  

A s  i n  a l l  time-independent problems i n  quantum mechanics, Layzer's approach 
i s  concerned with the  solut ion of Schrodinger's equation. 

where H i s  the  Hamiltonian operator f o r  the  system and E, and JI n a r e  the  
corresponding eigenvalues and wavefunctions of the  system, f o r  t he  quantum s t a t e  
denoted by n . Exact solut ions of Eq. (1) e x i s t  fo r  t h e  i soe lec t ronic  s e r i e s  of 
t h e  hydrogen atom only; f o r  a l l  o ther  systems, only an approximate solut ion i s  
poss ib le .  
use of a non- re l a t iv i s t i c  Hamiltonian fo r  an atom o r  ion containing a nuclear charge 

( i n  atomic u n i t s )  

Following Layzer, the  development presented here i s  r e s t r i c t e d  t o  the  

Z and N e lec t rons .  With these r e s t r i c t ions ,  t h e  Hamiltonian is  of t he  form 

where 

17 



If t h e  u n i t  Oi length is  changed from a. ( the  Bohr r a d i u s )  t o  a,/z t h e  
Hamiltonian may be expressed as  

Using as  t h e  expansion parameter by which t h e  system wavefunction and 
eigenvalues are expanded i n  the  conventional per turbat ion scheme y ie lds  a hydrogenic 
eigenvalue and eigenvector as t h e  leading term i n  both expansions as ind ica ted  i n  

= E - ’  

Eqs (4). 

co 
n:O 

\I/ = IH ’ )  = C z-” I n >  (4a 1 

co 
n:O 

E = H‘ = Z 2  c b n Z - n  

Since t h i s  i s  true, it is obvious t h a t  bo must then be of t h e  form 

t o  y ie ld  t h e  sum of hydrogenic Hamiltonians, while t h e  terms 
a r e  i d e n t i f i e d  with the  matrix V(n) 
representa t ion  based upon hydrogenic o r b i t a l s .  
t i o n  theory, which Layzer a l t e r e d  s l i g h t l y  i n  order  t o  allow f o r  t h e  screening 
experienced by the e l ec t rons .  If t h e  e f f e c t i v e  nuclear  charge, 2, , and t h e  
screening parameters, S a  , f o r  t h e  e l ec t ron  s h e l l  designated by a a r e  defined 
by t h e  re la t ionship  

bl , b2, * 
. . 

whose elements have been evaluated i n  a 
This i s  t h e  conventional per turba-  

then the  expectation value for t h e  hydrogen-like Hamiltonian i s  
I f  t he re  a r e  9, e lec t rons  i n  the  s h e l l  designated by a , then t h e  t o t a l  
one-electron energy for  t h a t  s h e l l  is  

< 0 1 E ( E  I Q ) 

q ,  ( Q I E ( t ) I Q ) , while t h e  Sum of 

18 
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Considering the  Coclombic repuls ion between t h e  electrons as a per turbat ion and 
denoting as V1 ( e  - . .  t a  . . .  . ) t he  lowest eigenvalue of t he  in t e rac t ion  matrix, t h e  
t o t a l  energy for t h e  system may be wr i t ten  simply as  

( 7 )  

where t h e  matr ix  elements VI ( . . *  . G . * . ) are evaluated using screened hydrogenic 
o r b i t a l s  (hydrogenic o r b i t a l s  with nonintegral  values of Z) .  
s e t  of screening parameters which minimizes  W ( s ) ,  it i s  necessary t o  set 

I n  order t o  f i n d  t h e  

But, using EUler 's  r e l a t i o n s  for homogeneous functions,  V1 may be expressed as 

These eigenvalues a r e  eigenvalues of t h e  matrices V ( n )  ,psL , where pSL i s  the  set  
of quantum numbers specifying the  par i ty ,  spin,  and angular momentum, respect ively,  
and n ind ica t e s  t h a t  t he  elements connect terms belonging t o  the  same set of r a d i a l  
quantum numbers. The eigenvalue, VI, may be wr i t ten  as 

(9) 
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where c1 and/or P designate t h e  quantum s t a t e  specif ied by t h e  p a i r  of 
quantum numbers n and ,-4 ; q,p i s  t h e  number of d i s t i n c t  p a i r s  of e lec-  
t rons  with one electron drawn from each of  t h e  groups 
i s  t h e  two-electron in te rac t ion  energy; and R represents contributions t h a t  de- 
pend on quantum numbers other  than n and & . 

Q ,  pi Cap] 

From R e f .  9 

and 

where Fo(crP)  and G k  ( a b )  a r e  t h e  so-called S l a t e r  i n t e g r a l s  which are 
evaluated using screened hydrogenic o r b i t a l s .  With these expressions, then, 
equation (8)  may be wr i t ten  i n  t h e  form 

where 

and 

Since U ( O  P ) i s  evaluated using t h e  screening parameters Sp ( f o r  a l l  
values of p including P = Q ), a se l f -cons is ten t  s e t  of screening 
parameters must be obtained t o  sat isfy equation 11 . These N coupled l i n e a r  
equations may be solved by an i t e r a t i v e  scheme which i s  far simpler than t h e  set 
of N coupled in tegro-d i f fe ren t ia l  equations which i s  encountered i n  the  
Hartree-Fock method. 
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Using t h i s  s e t  of screening parameters which s a t i s f i e d  E q .  11 and subs t i tu t ing  
t h e  above expression for  V1 i n t o  t h e  expression f o r  t h e  minimum energy yields  

2 1  
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APPENDIX I1 

COMPUTER PROGRAM 

A computer program t o  ca lcu la te  e l ec t ron ic  energies following Layzer’s method 
(Ref. 9 )  a s  modified by Naqvi and Victor (Ref. 10) was prepared a t  UARL. 

This program was wr i t t en  i n  FORTRAN using double-precision a r i thmet ic  f o r  an 
IBM-7094. 
r e s u l t s  from t h i s  program were checked, using the  r e s u l t s  of Naqvi and Victor 
(Ref. 10) which had been obtained w i t h  a program coded i n  s ing le  prec is ion  f o r  t he  
CDC-1604 computer. 
appeared i n  t h e  UARL pr in tout  f o r  t h e  o r b i t a l s  with a s m a l l  number of r a d i a l  nodes, 
but d id  not agree f o r  the o r b i t a l s  w i t h  a l a rge  number of nodes. Since the  quant i ty  
being compared (Table 3.2, R e f .  10) w a s  determined by numerous addi t ions and sub- 
t r a c t i o n s  of nearly equal numbers, it was understandable t h a t  t h e  s ing le  prec is ion  
ar i thmetic  would introduce a round-off e r r o r .  

A l i s t i n g  of t h e  program source deck i s  presented i n  Table X I V .  The 

These results were i n  agreement t o  the  e ight  d i g i t s  that  

The program i s  wr i t ten  t o  solve f o r  the  set of screening parameters given by 
equation (11) in  Appendix I by an i t e r a t i v e  method u n t i l  a consis tent  set of param- 
e t e r s  r e s u l t s .  

The s t eps  used i n  t h e  i t e r a t i v e  scheme a r e  

(i) Let z - C D  
then 

so t h a t  

may be used as an i n i t i a l  value t o  start t h e  i t e r a t i v e  ca lcu la t ion .  

(ii) Evaluate the  r igh t  s ide  of  

where U ( u p  ) and s u p  a r e  as defined by equation (11) i n  Appendix I 

2.2 
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(iii) I t e ra t e ,  using the  s e t  of values f o r  z ;  which was obtained from 
the 
r e l a t i o n  and thus produce the  set of values f o r  

i t h  i t e r a t i o n  t o  evaluate the  right hand s ide o f  the above 

2: '  
, u n t i l  

( a )  i 
( b )  convergence was completed by 

reaches a maximum value, M, read i n  as  input data, o r  

I z ' ( a )  - z i - ' ( a )  I 5 E 
where E may be any a r b i t r a r i l y  selected value.  Throughout 
the  present calculation a value of E = .0001 was used. 

The converged s e t  of scaled nuclear charges obtained f o r  U ( 1 )  was used a s  
the  i n i t i a l  guess for t h e  scaled nuclear charges f o r  
was then car r ied  out a s  was out l ined above f o r  
s e t  of scaled nuclear charges of t he  previous ion ( w i t h  one l e s s  degree of ioniza- 
t i o n )  was used as the  i n i t i a l  values t o  s t a r t  t he  i t e r a t i v e  process. 

U ( I 1 ) .  The i t e r a t i v e  process 
For each successive ion, the  U ( 1 ) .  

The convergence r a t e  of t he  screening parameters was extremely slow f o r  some 
To a s s i s t  th i s  slow process, p l o t s  of the  screening param- of the  ion ic  species.  

e t e r s  versus number of i t e r a t i o n s  were made and extrapolations f o r  from f ive  t o  ten  
i t e r a t i o n s  ahead of the  calculat ion were performed. These extrapolated values were 
then read i n  and from three  t o  s i x  more machine i t e r a t i o n s  were performed. 
process was repeated u n t i l  the  convergence c r i t e r i a  was s a t i s f i e d .  

This  

23 
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TABLE I 

CALCULATED IONIZATION POTENTIAM FOR URANIUM 

Atomic Configuration 

Ionization Potential, e.v. 
Non-Relativistic 
Calculation 

6.11 
5.76 
4.39 

17.1 
16.6 
15.2 

38.8 
38.3 
36.8 

65.6 
64.1 
59.6 

119 

Relat iv-is t i c 
Calculation 

6.11 
5.80 
4.43 

17.9 
1% 5 
15.9 

36.2 
35.8 
34.3 

58.6 
57.4 
52.6 

118 

Suggested Values 
Final Preliminary * 

6.1 6.11 

17.1 17. 5 

38.8 37.5 

65.6 61 

--- 118 

(a) Screening adjusted to reproduce the experimental value for the first ionization 
potential (Ref. 6). 

(b) Screened hydrogenic approximation (this calculation) . 
( e )  Screening adjusted to reproduce the first Hartree-Fock ionization potential 

(Ref. 8). 

* Used to calculate composition and transport properties. 
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TABLE I1 

Shell  
Designation 

Is 

2s 

2P 
3s 
3P 
3d 
4s 
4P 
4d 
4f 
5s 
5P 
5d 

5f 
6s 
6P 
6d 
7s 

S C m D  NUCLEAR CHARGES FOR THE GROUND STATE CONFIGURATIONS OF 
NEUTRAL URANIUM AND ITS  F I R S T  THREE POSITIVE I O N S  

U (I) (5f36d7s2) 

182.9136 
86.8670 
86.9718 
51.0886 
50.8834 
50 9 7429 
30.4516 
29 7749 
28.5622 
27 ' 1099 
18.3161 
17.5000 
15 6338 
11.4396 
9.0911 
8 9 8599 
4.8477 
6.1269 

Species (Configuration) 

u (11) (5f37s2) u (111) (5f37s) 

182.9136 
86.8658 
86.9712 
51.0842 
50 8789 
50 7425 
30 4385 
29.7610 
28.5625 

18.2488 
17- 4390 
15.6206 

9.38l-2 

27.1142 

11.4443 

9.2190 

182.9139 
86.8644 
86.9712 

50 8734 
50 7431 

51.0741 

30.4047 
29 7362 
28.5616 
27.1196 
18.1187 
17.3598 
15 5989 
11.4271 
9.9250 
9 6774 

6.1984 6.2328 

26 

182.9142 
86.8638 
86.9714 
51.0678 
50 8713 
50.7439 
30 3859 
29.7261 
28.5632 
27.1238 
18.0631 
17 3378 
15 5977 
11.4351 
io. 2161 

9 8789 
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D- 910099-2 
TABLE P 

INTERIONIC DlFFUSlVlTlES CALCULATED US 
THREE DIFFERENT PROCEDURES 

DIFFUSIVITY ,aij, IN FT~ISEC 

P = 100 ATM, T =  20,000 DEG K 

PFUEL /P PFUEL /P 
0 .os 0. I 
=sc % BSC )R 

BINARY NG 

0.233 

1.0 0.0 1 1 
238.0 0.0 1 1 
238.0 0.0 2 1 
238.0 0.0 3 1 
238.0 1.0 1 1 
2 3 8 . 0  1.0 2 1 
238.0  1.0 3 1 
23R.0 238.0 2 1 
238.0 230.0 3 1 
238.0 238.0 3 2 

O.1713E-02 0.1760E-02 0.9036E-03 3.1113E-02 O.4757E-02 0.9846E-03 
0.1039E-02 0.7900E-02 0.1572E-03 0.1039E-02 0.709lE-02 0.4576E-03 
3.1573E-03 O.4371E-03 0.9034E-01 0.1573E-03 0.4169E-03 0.9042E-04 
O.9265E-04 0.7263E-03 O.4199E-01 0.9263E-04 O.7247E-03 0.4203E-04 
0.4501E-04-0.4932E-04 0.1203E-01 0.1535E-04-0.4935E-01 0.12RbE-04 

0.367 0.5  0.633 

0.2112E-OD 0.3863E-00 0.1554E-00 
0.2111E-00 0.3062E-00 0.1554E-00 
0.7705E-01 0.2377E-00 0.4310E-01 
0.4596E-01 0.7291E 00 0.2005E-01 
0.4935E-02 0.902EE-02 0.3632E-02 
O.18OlE-02 0.5556E-02 0.1008E-02 
0.1075E-02 O.lTO4E-01 0.4600E-03 
0.1654E-03 0.5103E-03 0.9254E-04 
0.3869E-04 0.1565E-02 0.430SE-04 
0.49SSE-04-0.430bE-01 0.1322E-04 

0.2142E-00 0.3967E-00 0.1565E-00 
0.2141E-00 0.3965E-00 0.1564E-00 
3.7860E-01 0.2540E-00 0.5352E-01 
0.4713E-01 0.1312E 01 0.202lE-01 
0.5036E-02 0.9271E-02 0.3657E-02 
3.1037E-02 0.5939E-02 0.1015E-02 
D.llO2E-02 0.3060E-01 0.4721E-03 
0.1608E-03 0.5454E-03 0.9322E-01 
0.1012E-03 0.2010E-02 0.5339E-04 
o . s ~ + ~ E - o ~ - o . ~ ~ o ~ E - o s  n.i17s~-o+ 

1.0 0.0 1 I O.2168E-00 0.4060E-00 0.1573E-00 
0.2160E-00 0.405YE-00 O.lS73E-00 
0.1990E-01 0.2700E-00 O.4369E-01 
0 .4818E-01 0.4211E 01 0.2031E-01 
0.5060E-02 0.9490E-02 0-3677E-02 
0.1870E-02 0.6313E-02 O.lOZ1E-02 
O.LIZ6E-02 0.9046E-01 O.1755E-03 
2.1717E-03 0.5798E-03 0.9300E-04 
0.1034E-03 0.9042E-02 0.4367E-04 
0.%~16E-04-0.3947E-04 0.1346E-04 

~~. . 
23s.O 0.0 1 1 
238.0 0.0 2 1 
238.0 0.0 3 1 
238.0 1.0 1 1 
23n.o 1.0 2 I 
238.0 1.0 3 1 
230.0 238.0 2 I 
230.0 230.0 3 1 
230.0  230.0 3 2 

0.767 0.9 
1.0 0.0 1 1 

230.0 0.0 1 1 
230.0 0.0 2 1 
238.0 0.0 3 1 
230.0 1.0 1 1 

0.2191E-00 0.1142E-00 
0.219lE-00 0.414LE-00 
0.8116E-01 0.2850E-00 
0.4930E-01-0.4970E 01 
O.SI21E-02 0.960ZE-02 
0.1897E-02 0.6bb4E-02 
0.1147E-02-0.11b2E-00 
0.1743E-03 0.6120E-03 
0~1054€-03-0~I067E-01 
3.5466E-04-0.3n23E-04 

0.1511E-00 
0.158OE-00 
0.4391E-01 
0.2045E-0 1 
0.3694E-02 
O.lOZ7E-02 
0.4TOlE-03 
0.9429E-01 
0.4391E-04 
0.1354E-OL 

0.2230~-00 O . ~ ~ O ~ E - O O  O.LSR~E-OO 
0.223EE-00 0.4204E-00 0.1586E-00 
0.E236E-01 0.2972E-00 0.4400E-01 
0~4976E-01-0~1911E 01 0-2053E-01 

0.19lEE-02 0-6947E-02 O.103lE-02 
3.1163E-02-0.5467E-01 O.48OOE-03 
0.1762E-03 0.6300E-03 0.9465E-04 
0.1069E-03-0.4102E-02 0.44OEE-04 
3.5580E-04-0.3737E-04 0.1361E-04 

0.5161~-02 O.PRZ~E-OZ 0.3707~-02 
230.0 i.0 i i 
238.0 1.0 3 1 
238.0 238.0 2 1 
230.C 23E.O 3 1 
238.0 238.0 3 I 

P = 100 ATM, T =  60,000 DEG K 

PFU E L/P 
0.09 

PFUEL/P 
0.233 

P F U E L / ~  
0. I 

B L  
0.5070E 01 
0.5069E 01 
0.1520E 01 
3.7651E 00 
0.1105E-00 
9.3556E-0 1 
0.1709E-01 
0.3265E-02 
0.1643E-02 
0.5301E-03 

B s c  b R  

0.6594E 01 0.512SE 01 
0.6592E 01 0.51236 01 
0.2IOkE 01 0.1377E 01 
0.1116E 01 O.6315E 00 
0.1541E-00 0.119EE-00 
0.4919E-01 0.32191-01 
0.2600E-01 0.1476E-01 
0.4517E-02 0.2957E-02 
0.2395E-02 0.1356E-02 
0.8940E-03 0.30ElE-03 

BL S S C  JR 
0 - S O O O E  01  0.b611E 01 0.51kEE 01 
0.5079E 01 0.6609E 01 0.5147E 01 
0.1524E 01 0.2111E 01 O.13EIE 01 
0.7672E 00 O.112OE 01 0.6347E 00 
O.ll07E-00 0.1545E-00 0.1203E-00 
0.3563E-01 0.1935E-01 0.3235E-01 
0.1793E-01 0.2619E-01 0.118IE-01 
0.3272E-02 0.4532E-02 O.2971E-02 
3.1657E-02 0 . 2 4 0 5 E - 0 2  0.1363E-02 
3.532OF-03 0.8993E-03 0.3903E-03 

=L %C BR 
3.5233E 01 0.602OE 01 0.5305E 01 
3.5201E 01 0.6818E 01 0.5304E 01 
O.1560E 01  0.2197E 01 O.1453E 01 
3.7925E 00 0.1175E 01 0.6672E 00 
O.1216E-00 0.1591E-00 0.1259E-00 
0.3667E-01 0.513lE-01 0.3396E-01 
0.1853E-01 O.2747E-01 0.1560E-01 
3.3360E-02 0.4710E-02 0.3119E-02 
0.1732E-02 0.2523E-02 0.1433E-02 
3.5548E-03 0.9672E-03 0.4134E-03 

1.0 0.0 1 

238.0 0.0 2 
238.0 0.0 3 
230.0 1.0 1 
2 3 8 . 0  1.0 2 
230.0  1.0 3 
2 3 8 . 0  230.0  2 
230.0  230.0 3 
238.0 238.0 3 

2113.0 0.0 L 
1 
I 
1 
1 
I 
1 
1 
1 
1 
2 

1 
1 
1 
1 
1 
1 
1 
I 
1 
2 

1 
I 
1 
1 
1 
1 
1 
1 
1 
2 

0.367 0 . 5  0.633 
0.7310E 01 0.5770E 01 
O.73ORE 01 0.5760E 01 
O.ZIO5E J l  0.1565E 01 
0.1312F 01 0.7208E 00 
0.1709E-OC 0.1349E-00 
0.5023E-01 0.3659E-01 
0.306bE-01 0.1605E-01 
0.5164E-02 0.336lE-02 
0.2816E-02 O.1548E-02 
0.1151F-02 0.L521E-03 

1.0 0.0 1 
23d.O 0.0 1 
239.0 0.0 2 
238.0 0.0 3 
2 3 8 . 0  1.0 1 
2 3 d . C  1.0 2 
238.0 1.0 3 
1 1 H . O  2 3 M . O  2 
238.0 2 3 8 . 0  3 
2 3 R . O  2 3 8 . 0  3 

3.5339E 31 0.7003E 01 0.5547E 01 
3.5307E 01 0.7002E 01 0.5546E 01 
3.1607E 01 0.2274E 01 O.lS00E 01 

3.51OlE 01 
0.5399E 0 1  
3.1641E 01 
3 - 0 3 4 4 E  00 
3.1262E-00 
0.3036E-01 
3.1951E-01 
3.3523E-02 
3.179lE-02 
0.5932E-03 

0.7165E 01 
0.7163E 01 
0.2342E 01 
O.121OE 01 
0.1675E-00 
0.5476E-01 
0.2969E-01 
0.5029E-02 
0.2727E-02 
O.lO92E-02 

0.5670E 01 
0.5668E 01  
0.1536E 01 
0.7060E 00 
0.132SE-00 
0.3590E-01 
0.1652E-01 
0.3297E-02 
O.1518E-02 
O.4419E-03 

d . 5 1 0 3 E  01 
0 . 5 5 0 2 E  01 
0.1671E 01 
3.ESZlE 00 
3.1202E-00 
0.3937E-01 
0.1992E-31 
3.3589E-02 
3.181OF-32 
0.6098E-03 

0.0140E 00 0.1225E 01 0.6897E 00 
3.124lE-00 0.1637E-00 0.1296E-00 
3.3757E-01 0.5316E-01 0.3506E-01 
J.1905E-01 0.286SE-01 O.lbl2E-01 
0.345lE-02 O.4882E-02 0.3220E-02 
3.1749E-02 0.2630E-02 O.lL0lE-02 
3.575OE-03 0.1031E-02 0.4295E-03 

0.767 0.9 
1.0 0.0 I 

23d.O 0.0 1 
2 3 R . O  0.0 2 
23R.0 0.0 3 
2 3 8 . 0  1.0 1 

7 1 9 . 0  1.0 3 
2 3 3 . 0  2 3 9 . 0  2 
213.0 230.0 3 
2 1 9 . 0  2 3 8 . 0  3 

2 3 8 . 0  1.0 i 

5.5558E 01 0.7444E 01 0 .5055E 01 
0.5557E 0 1  0.7442E 01 0-5053E 01 
J.1699E 31 0 .2463E 01 O.159OE 01 
0. '1604€ 00 O.1351E 01 0-7320E 00 
D.1299E-00 O.lT4OE-00 0.1360E-00 
J.3973E-31 0.5759E-01 O.3718E-01 
3 .203OF-31  0.315ME-01 0.1713E-01 
0.3b49E-02 0.5203E-02 0.3414E-02 
3.1865E-02 0.2900E-02 O.lS73E-02 
3.6252E-03 0.125dE-02 3.4609E-31 
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I 

D-910099-2 
TABLE P (CONT'O) 

BINARY INTERIONIC DIFFUSIVITIES CALCULATED US 
THREE DIFFERENT PROCEDUR ES 

DIFFUSIVITY ,Bii, IN FT~ISEC 

P =  100 ATM, T =  100,000 DEG K 

PFUEL /P 
0.09 

1.0 0.0 1 
23d.O 0.0 1 
238.0 0.0 2 

1 
1 
1 
I 
1 
I 
1 
1 
1 
2 

1 
1 
1 
1 
1 
1 
1 
1 
1 
2 

I 
I 
I 
1 
1 
1 
I 
I 
1 
? 

0.2633E 02 O.2987E 02 0.26296 02 3.2137E 0 2  0.2993E 02 0.2640E 02 
3.2433E 02 0.2987E 02 0.2628E 02 0.2136E 02 0.2993E 02 0.2639E 0 2  
3.7021E D l  0.8935E 01 0.6990E 01 0.7034E 0 1  0.8956E 01  0.7OZOE 01 
3.3430E 0 1  0.4487E 01 0.3190E 01 3-3437E 0 1  0.4499E 01 0.3204E 01 
0.5687E 00 0.698ZE 00 0.614SE 00 0.5696E 00 0.6996E 00 0.6169E 00 
0-1641E-00 O.ZO89E-00 0.1634E-00 0-1644E-00 0.2094E-00 O.16klE-00 
O.ID19E-01 0.1049E-00 0.745IE-01 0.8336E-01 O.IOSZE-00 0.7491E-01 
3.1507E-01 0.1918E-01 0.1501E-01 3 .  15lOE-01 0.1923E-01 0.1507E-01 
3.7365E-02 0.9634E-02 0.6850E-02 0-7380E-02 0.9660E-02 0.6880E-02 
0.2218E-02 0.3096E-02 0.1918E-02 0.2223~-07 ~ . ~ I O ~ E - O Z  o . i 9 2 7 ~ - 0 2  

3.2485E 02 0.3066E 02 O.27C6E 02 
0.2185E 02 0.3066E 02 0.2745E 02 
3.7195E 0 1  0.9219E 01 0.7321E 01 
0-3524E 0 1  0.4649E 01 0.3345E 01 
0-5809E 00 0.7167E 00 0.6417E 00 
O . 1 6 R Z E - 0 0  O.Zl55E-00 O.1712E-00 
0.8239F-01 0.1007E-00 O.782lE-01 
3.1545E-01 0.1979E-01 0.157ZE-01 
0.7567E-02 0.9982E-02 0.7183E-02 
D.ZZ9lE-02 0.321lE-02 0.2023E-02 

2 3 8 . 0  0.0 3 
238.0 1.0 I 
238.0 1.0 2 
238.C 1.0 3 
238.0 238.0 2 
738-0 238.0 3 
238.0 238.0 3 

0.367 0.5 0.633 

1.0 0.0 1 
236.0 0.0 I 
238.0 0.0 2 

0.2527E 02  0.3130t 12 0.2819E 02 0 . ~ 5 6 4 ~  02 0.31117~ 02 
3.2526E 02 0.313OE 02 0.2818E 02 0-2563E 02 0.3186E 02 
0.7336E 0 1  0.9451E 01 0.7529E 01 3.7460E 0 1  0.9658E 01 
0.3600E 01 0.4782E 01 0.3643E 01 0.36b7E 0 1  0.4902E 01 
0.5907E 00 O.7316E 00 0.6588E 00 0.599ZE 00 0.7448E 00 
0.17lSE-00 0.22lOE-00 0.1760E-00 0.17C4E-00 0.2258E-00 
0.8617E-01 O.1118E-00 0.8OWE-01 0 -857SE-01 0. l lbLE-00 
0.157SE-Ol O.ZO29E-01 O.Ib17E-01 3.16J2E-01 0.207CE-01 
0.7730E-02 0.1027E-01 0.7393E-02 0.7874E-02 O-lOSZE-01 
0.2351E-02 0.3363E-02 0.2090E-02 0-2405E-02 0.3474E-02 

0.767 0.9 

0.2874E 02 
0.287kE 02 

0.3518E 01 
0.6718E 00 
0.1797E-00 

0.1651E-01 
0.755CE-02 
0.2141E-02 

0.7688~ 01 

D . E ~ ~ E - O I  

0.2597E 02  0.3238E 02 0.29ZOE 02 
0-2596E 02 0.3237E 02 0.2919E 02 
0.7572E 01 0.9846E 01 0.7819E 01 
0.3728E 01 O . S O l 1 E  01 0.3580E 01 
0.6069E 00 0.7568E 00 0.6825E 00 
3.1770E-00 0.23OZE-00 0.1828E-00 
0.8716E-01 0.1172E-00 0.8369E-01 
0.1626E-01 0.2114E-01 0.1679E-01 
3.8035E-02 0.1076E-01 0.7686E-02 
0.245LE-02 0.3578E-02 0 - 2 l E 4 E - 0 2  

238.0 0.0 3 
238.0 1.0 1 
2 3 8 . 0  1.0 Z 
238.0 1.0 3 
23U.O 238.0 z 
238.0 238.0 3 
230.0 238.0 3 

1.0 0.0 1 
238.0 0.0 1 
230.0 0.0 2 
238.0 0.0 3 
238.0 1.0 I 
238.0 1.0 2 
238.0 1.0 3 
238.0 238.0 2 
2 3 8 - 0  238.0 3 
238.0 238.0 3 

0.2627E 02 0.3285E 02 0.2959E 02 0.2655E 02 0.3328E 02 0.299CE 02 
0.2626E 02 0.3284E 02 0.2959E 02 0.2654E 02 0.3328E 02 0.2993E 02 
0.7675E 01 0.1002E 02 0.7932E 01 0.7769E 01 0.1018E 02 0.8030E 01 
0-3785E 01 0 ~ 5 1 1 4 E  01 0.3633E 01 0.3836E 0 1  0.52086 01 0.3679E 01 
0.6140E 00 0.7678E 00 0.6917E 00 0.6205E 00 0.7779E 00 0.6997E 00 
0.1794E-00 0.2343E-00 0.1856E-OD 0.1816E-00 O.2381E-00 0.1877E-00 
0.8848E-DI 0.1195E-00 0.8494E-01 0.8969E-01 0. 1218E-00 0.8602E-01 
0.16CLlE-01 0.2152E-01 0.1703E-01 0.1668E-01 0.2186E-01 0.1724E-Ol 
0.8126E-02 0.1098E-01 0.7801E-02 9.8237E-02 O.II18E-01 0.79OOE-02 
D.Zk99E-02 0.3675E-02 0.2221E-02 0.ZSIlE-02 0.3767E-02 0.2253E-02 

P = 500 ATM, T =  20,000 DEG K 
PFU EL /P 
0.09 

PFUEL/P 
0. I 

-bL = S C  =R 

0.233 
S L  aSC aR 

1.0 0.0 1 
236.0 0.0 I 

1 
1 
I 
1 
1 
1 
1 
1 
1 
2 

1 
1 
1 
1 
1 
1 
1 
I 
1 
2 

1 
1 
1 
1 
I 
1 
1 
1 
1 
2 

1.5729E-01 0.1525E-00 
0.5727E-01 0.1525E-00 
0.2394E-01-0.2213E-00 
O ~ l 6 0 7 E - O l - 0 ~ 1 9 7 S E - 0 I  
0.1339E-02 0.3565E-02 
3.5596E-03-0.517CE-02 
0.3758E-03-0.4616E-03 
0.5139E-04-0.475ZE-03 
5.345lE-04-O.CZIOE-04 
0 ~ 2 2 3 l E - O ~ - 0 ~ 4 4 7 9 E - O 5  

0.3520E-01 
0.3519E-01 
O.9902E-02 
0.4638E-02 
0.8228E-03 
0.2315E-03 
O.lO8kE-03 
0.2126E-04 
0.9958E-05 
0.3163E-05 

o . ~ ~ ~ E - o I  O.ITZ~E-OO O . ~ ~ ~ O E - O I  
0.5976E-01 0.1725E-00 0.3589E-01 
0.255OE-01-0.1321E-00 0.lOlZE-01 
0.1742E-01-0.1739E-01 0.4746E-02 
0.1397E-02 0.4034E-02 0.8390E-03 
0.5961E-03-0.3088E-02 0.2366E-03 
0.4072E-03-0-4965E-03 0 . l l l O P - 0 3  
0.5475E-04-0.2836E-03 0.2173E-04 
0.3739E-01-0.3134E-04 0.1019E-04 
0.2491E-04-0.4237E-05 0.3255E-05 

0.6140E-01 0.1885E-00 0.3632E-01 
0.6146E-01 0.1884E-00 0.363lE-01 
0.2659E-01-0.1050E-00 O.lOZ5E-01 
3.1836E-01-0.1615E-01 0.481IE-02 

0.6216E-03-0.2455E-02 0.2397E-03 
O.I+~~E-OZ O . C ~ O S E - O Z  0.84e.0~-03 

... . 
238.0 0.0 2 
238.0 0.0 3 
238.0 1.0 I 
238.0 1.0 2 
238.0 1.0 3 3.  4293E-03-0. i 7 7 7 E - 0 3  0.1 125E-03 

J.5709E-04-0.2255E-03 0.220lE-04 
0.3943E-01-0. 3469E-01 0.1033E-06 
3.2677E-04-0.4095E-05 0.331lE-0' 

238.0 238.0 2 
238.0 238.0 3 
231.0 238.0 3 

0.367 0 . 5  0.633 
1.0 0.0 1 

238.0 0.0 1 
238.0 0.0 2 
238.0 0.0 3 
230.0 1.0 1 
238.0 1.0 2 
238.0 1.0 3 
238.0 238.0 2 
238.0 238.0 3 
238.0  238.0 3 

0.6336E-01 0.2051E-00 0.3668E-01 
3.6301E-01 0.2050E-00 0.36678-01 
0.2761E-01-0.8193E-01 O.1037E-01 
3.1926E-01-0.1520E-01 0.4869E-02 

G.t45Ct-01 O.ZZ24E-OC fi.3701E-01 
0.6449E-Cl 0.2223E-OC 0.37OOF-01 

3 .  rClOt-CI-O.1445E-CI 0.492OF-02 
3 . ~ 8 5 7 ~ - r 1 - 0 . 7 8 3 8 ~ - @ 1  0 . 1 ~ 4 7 ~ - 0 1  

0.6584E-01 0.2403E-00 
0.6582E-01 0.24OZE-00 
3.2946E-01-0.7092E-01 
O.ZO09E-01-O.1385E-01 
0.1539E-02 0.5616E-02 
0.6887E-03-0.1658E-02 
0-4085E-03-0.3238E-03 
0-6325E-04-0.1523E-03 
0.5486E-04-0.2974E-04 
0 ~ 3 1 0 2 € - 0 ~ - 0 ~ 3 1 9 6 E - 0 5  

0.3730E-01 
0.3729E-01 
0.1057E-01 
0.4967E-02 
0.8719E-03 
0.247lE-03 
0.1161E-03 
0.2269E-04 
0.1066E-04 
0.3446E-05 

3.147SE-02 0.4793E-02 0.8573E-03 
3.6455E-03-0.2079E-02 0.242CE-03 
0.4503E-03-0.3554E-03 0.1138E-03 
1.5929E-04-0.19lOE-03 0.2226E-04 
0.4135E-04-0.3264F-04 0.1045E-04 
0.2855E-34-0.3977E-05 0.3360E-05 

3 .  I ~ C R ~ - G ~  o . ~ I + ~ E - F ~  n . 8 6 5 0 ~ - 0 3  
O.tb1RF-03-0.1R32E-02 0.2449F-Cl 
0.4l(CE-C3-C.3379E-C3 0.11506-03 
O.tI34E-04-0.1683E-03 C.2249E-GG 

0.3C23F-04-0.3879E-05 C.3405E-05 
o . 4 3 I L F -04 -0.3 I c 3 t -w, 0. IO 5 6 F 4 4  

0.767 0.9 
1.0 0.0 1 

231.0 0.0 1 
230.0 0.0 2 

0.6014E-01 0.2751E-00 
0.68OZE-01 0.275OE-00 
0.3095E-31-0.6170E-01 
3.2223E-01-0.1300E-01 
3.1590E-02 0.643OE-02 
3.7235E-03-3.lc42E-02 
0.5197E-03-O.3338E-03 
3.6665E-36-0.1325E-03 
3.b773E-04-0.219GE-04 
3.3C53F-34-3.3h73F-05 

0.3778E-01 
0.3717E-01 
0.107ZE-01 
0.5041E-02 
0.8829E-03 
0.2506E-03 
0.1179E-03 
0.2301E-04 
O.1ORZE-04 
0.351lF-05 

0-6705E-01 O.2585E-00 0.3757E-01 
0.6703E-01 0.2584E-00 0.3756E-01 
0-3027E-01-0.6547E-01 0.1065E-01 
3.2162E-31-0.1336E-01 0.5008E-02 

0.7077E-03-0.153lE-02 0.2490E-03 
0-5055E-03-0.3124E-03 0.1171E-03 
3.5530E-34-O.1406E-03 0.2287E-04 
3.46s3E-34-0.2169E-34 0.1075E-04 
3.~31RE-04-0.3727E-05 0.3bnZF-05 

O . I S ~ ~ E - O Z  O . ~ O ~ Z E - O Z  o .e780~-03 
238.0 0.0 3 

236.0 1 - 0  2 
230.0 1.0 3 
230.0 230.0 2 
23P.O 230.0 3 
23d.o 238.3 3 

z3a.o  1.0 I 
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D- 910099- 2 
TABLE p (CONT'D) 

IN TERlO N IC D IFFUSlVl TI ES CALCULATED 
THREE DIFFERENT PROCEDURES 

DIFFUSIVITY +, IN FT~ISEC 

us 

P = 500 ATM, T =  60,000 DEG K 

0.233 
-%C S R  SL 

3.1294F 3 1  0.1R35E 01 0.1240t 0 1  
3.1293E 31 0.1835E 01 0 . 1 2 3 9 t  01  
0.4103E-00 O.bSb7E 00 0.3384E-00 
O.Zlb2E-00 0.3905E-00 0.1563E-00 
3.3OZlE-01 0.4289E-Jl 0.2890E-01 
3.9592E-32 0.1535E-01 0.1912E-02 
0.5054E-02 0.9130E-02 0.3b54E-02 
3.88lOE-03 0.141OE-02 0.7267E-03 
3 . 4 6 4 1 E - 0 3  0.0385E-03 0.335bE-03 
3.168CE-03 O.4965E-03 0.9943E-04 

1.9 0.0 I 
2j11.0 0.0 I 
234.0 0.0 2 
2 1 d . 0  0.0 3 
2 1 Y . O  1.0 I 
2 3 8 . 0  1.0 2 
238.0 1.0 3 
z3n.o 238.0 z 
238.0 238.0 3 
238.0  238.0  3 

~ . l l l b c  G I  O.IZ59E 0 1  0.1765E J l  O.1182E 01 
:.1110k 0 1  3.1258E 01  O.17b5E 01 O.lI82E 0 1  
c .  i I Y t . - U O  3.3964E-00 O.bZ1bE 00 0.3213E-00 
c. 1 4 7 j t - C O  5.201bE-00 0.3631E-00 O.1481E-00 
0.274PF-Ol 3 - 2 9 4 2 E - 0 1  0.412bE-01 0.27b3E-01 $. I 4 7 l l - 0 2  0.92blE-02 0.1453E-01 0.7512E-02 

3 . 6 l l b Z t - 0 3  3.95llE-03 O.1335E-02 0.6899E-03 
0. 3 1 6 Z t - C 3  0.4457E-03 0.779bE-03 0.3180E-03 
0 . 9 2 1 2 F - b 4  3.1592E-03 O.4212E-03 0.9333E-04 

0 . 3 4 4 j t - 0 2  3.C853E-02 O.8489E-02 0 . 3 ~ 6 3 E - 0 2  

0.633 0.367 0 . 5  

1.0 0.0 1 
23H.O 0.0 I 
238.0  0.0 2 

3 .1323E 01  0.1R94E 01 0.1278E 0 1  3.13kBE 0 1  0.194bE 01 0.1306E 01 
3 - 1 3 2 2 E  0 1  0.189CE 01 0.1277E 01 3-1347E 01  0.1945E 01 0.1306E 01 
O - C Z Z O E - 0 0  0.6875E 00 0.3498E-00 0.4321E-00 0.7149E 00 0.3582E-00 

0.1369E 3 1  0.1992E 01 0.1328E 01 
0.13b9E 01  0.1991E 01 0.1328E 01 
1.4411E-00 0.7399E 00 O.3b5OE-00 
3.2355E-00 O.4597E-00 0.lb91E-00 
3 . 3 2 0 l E - 0 1  0.4655E-01 O . 3 l O S E - 0 1  
O.lO3IE-01 0.1730E-01 0.8533E-02 
3.5535E-02 O.1075E-01 0.3953E-02 

3.5056E-03 0.9870E-03 0.3631E-03 
0.1900E-03 0.7715E-03 0.1092E-03 

J.PITOE-O~ O . I ~ ~ ~ E - O Z  0 . 7 8 3 7 ~ - 0 3  

2 3 U . 0  3.0 3 
2 3 4 . 0  1.0 1 1 

239.0 1.0 1 I 
234.0 1.0 2 I 

3.2235E-00 0.4154E-00 0.1618E-00 0.2298E-00 0 . 4 3 8 2 E - 0 0  O.lb58E-00 
3.3092E-31 0.4427E-01 0.298bE-01 0.3150E-31 0.5547E-01 0.3052E-01 
3.9866E-02 0.1607E-01 O.8178E-02 J.IDIOE-OI O . I ~ ~ I F - O I  n.axi=.~-n? . . . . - - - . -. - - - - - - - - - - - 
3.SZZSE-02 0.9711E-02 0.3782E-02 0.5372E-02 O.lO24E-01 0.3877E-02 
0.70bLE-03 0.1476E-02 0.75lOE-03 0.9278E-03 0.1535E-02 0.7692E-03 
3.4798E-03 0.8919E-03 0.3473E-03 0.4934E-33 0.9409E-03 0.35blE-03 
3-1764E-03 O.578bE-03 0.103bE-03 3.1835E-03 0.6690E-03 0.10b7E-03 

... . 
238.0 238.0 2 1 
239.0 2 3 n . 0  3 I 
238.0 238.0 3 2 

0.767 0.9 
).1389E 0 1  0 .2034E 0 1  0.13S7E 01  
0.1389E 3 1  0.2033E 01 O.1347E 01 
0.4492E-00 0.7634E 00 0.3707E-00 
0.2437E-00 0.4804E-00 0.1718E-00 
3.3247E-01 0.4753E-01 0.3149E-01 
0-1050E-31 0.1785E-01 0.8bbbE-02 
0.562bE-02 0.1123E-01 0.4017E-02 
0.9646E-03 0.1639E-02 3.19598-03 
3.5167E-03 0.1331E-02 D.3b90E-03 
0-19bOE-03 0.8914F-03 0.1113E-03 

3.1407E 01  0.2072E 01 0.1363E 01  
0.1407E 0 1  0.2012E 01 0.1363E 01 
0.4567E-00 0.7853E 00 0.375bE-00 
3.24SlE-00 0.5001E 00 O.1742E-00 
3 .32U8E-01  0.4043E-01 0.3186E-01 
0~10b8E-Ol 0.183bE-01 0.8780E-02 
0.11738E-02 O.1169E-01 0.4072E-02 
0.9805E-03 0.168bE-02 0.80b3E-03 
3.11210E-03 0.1014E-02 0.374OE-03 
0.201bE-03 0.1033E-02 0.113lE-03 

1.0 0.0 I I 

238.0 0.0 2 I 
238.0 0.0 3 I 
238.0 1.0 1 1 
2 3 8 . 0  1.0 2 I 
238.0 1.0 3 1 

238.0 238.0 3 I 
2 3 8 . 0  238.0 3 2 

23n.o 0.0 1 I 

218.0 z3n.o 2 1 

P = 500 ATM, T = 100,000 DEG K 

PFU E L/P 
0.09 

=L BSC .s, 

PFUEL /p PFUEL /P 
0.233 0.1 

=L =sc )R =L )SC 

3.5Y30E 0 1  O.7bZ5E 01  0-6211E 0 1  
0.590bE 31  0.7623E 01 0.621bE 01  
3.1763E 3 1  0.2411E 01 0.1673E 01 
3.R83bE 00 O.lZb9E 01 0.7673E 00 
J.1381E-00 O.1782E-00 0.1453E-00 
3.ClZ lE-31 0.5638E-01 0.39lOE-01 
3.20bbE-01 0.29bbE-01 O.179IE-01 
3.3785E-02 0.5178E-02 0.359lE-02 
0.1897E-02 0.2724E-02 O.lb48E-02 
3.60bCE-03 0.9928E-03 0.4127E-03 

1.0 0.0 I I 

23R.0 0 . 0  2 I 
238.0 0.0 3 I 
731 .0  1.0 1 1 
2 1 d . O  1.0 2 I 
718.0 1.0 3 I 
238.0 238.0 2 I 
2 3 H . O  238.0 3 I 
2 3 8 . 0  238.0 3 2 

2 3 n . 0  0.0  I I 
0.57blE 0 1  0.7303E 0 1  0.5920E 01 
3.5759E 0 1  0.738lE 01 0.5919E 01 
3.1711E 0 1  0.2315E 0 1  0.1587E 01 
3 . 8 5 1 3 E  00 0.1209E 01 0.7268E 00 
0.134bE-00 O.1725E-00 O.138kE-00 
0 . C O O O E - 0 1  0.5413E-01 0.37lOE-01 
3.1997E-01 O.2827E-01 0.1699E-01 
3.3673E-02 0 . 4 9 1  LE-02 0.3407E-02 
0.1834E-02 O.259bE-02 0.1561E-02 
3.58112-03 0.92b3E-03 0.5Ck3E-03 

0.633 0.367 0.5 
1.0 0.0 I 1 

2 3 8 . 0  0 . 0  1 I 
238.0 0 .0  2 1 
23a.c  0.0 3 I 

2 1 8 . 0  1.0 2 I 
218.0 1.0 3 I 
2 3 8 . 0  230.0 2 I 
230.0 238 0 3 I 
2 3 d . O  238.u 3 2 

z3a.0 1.0 I I 

3.b225E 3 1  
3.6223E 0 1  
3.18?7E 01 
0.7404E 00 
3.1455E-00 
1.4387E-01 
3.2217E-31 
O.kJ33E-32 
3.23lbE-02 
3 . b b 4 l F - 0 3  

0.9161E 0 1  
0.81596 01 
0.263OF 01 
0.1407E 0 1  
0.1938F-00 
0 . 6 1 C P F - 0 1  
0.3290E-01 
0.5647E-02 
0.30ZlE-02 
O . l l 5 1 F - 0 2  

O.bbb7E 01 
O.bbb5E 01  
0.1003E 01 

0.1558E-00 
0.42 I LE -01  
3.1939E-01 
0.3812E-02 
O.1781E-02 
0.5171E-03 

0 . n 2 9 ~ ~  0 0  

1.0 0.0 1 1 
2ld.0 0.0 1 I 
21R.0 0.0 2 1 
239.0 0.0 3 I 
7in.0 1.0 I I 
23d.O 1.0 2 1 
21R.0 1.0 3 I 
2 3 9 . 0  2 1 P . O  2 1 
219.0 21n.c 3 I 
31-1.0 233.G 3 2 



D - 910099- 2 
TABLE P (CONT'DI 

I '  61NARY INTER1 ON IC  DI FFUSlVl TIES CALCU LATE0 USING 
THREE DIFFERENT PROCEDURES 

DIFFUSIVITY ,aii, IN FT~ISEC 

P =  1000 ATM, T =  20,000 DEG K 

PFUEL 1' 
0.09 

PFUEL /P 
0.1 

SL a S C  )R 

~ . 1 9 F 1 E - 0 1  
C .  I ? H l t - O I  
0.565bE-02 
0 .2668C-02  
O . 4 6 3 0 E - 0 3  
0 .1322E-OJ 
0 . 6 2 3 8 E - 0 4  
0.1214E-04 
3.5729E-05 
0.1887E-05 

MI M2 2122 
1.0 0.0 1 I 

731.0 0.0 I I 
2 3 b . G  0.0 2 1 
2 3 r J . G  0.1 1 1 
2 3 a . 0  1 . 0  I I 
236.0 1.0 d I 
7 3 3 . 0  1.0 3 I 
24e.o 2 3 8 . 9  I 1 
2 3 8 . 0  238.0 3 I 
238.0 238.0  3 2 

1.3854E-31 0.2911E-00 
3 . 3 8 6 3 t - 3 1  0.2910E-00 
3 . 1 8 7 4 € - 3 1 - 0 ~ 2 0 9 ~ E - 0 1  
3 .  I4 lOE-0  I-0.5308E-02 
3.3331E-03 O . b R O 3 E - 0 2  
0 . 4 3 9 I f - 0 3 - 0 . 4 @ 9 ~ E - O 3  
3 .32VbE-03-0 .124 lE-03  
3.4024E-04-0.449bE-04 
3.3027E-04-0.11COE-04 
0.233bE-04-0.1643E-05 

0 . I IPOE-CI  
3.IY7YE-01 
C.5b53E-02  
@.2661€-@2 
0 . 4 6 2 8 E - 0 3  
D.1321E-03  
0 . 6 2 3 4 E - 0 4  
0.1214E-04 
0.5725E-05 
0. I885E-05 

0.367 0 .5  0.633 

1.0 0.0 1 1 
238.0  0.0  1 1 
238.0 0.0 2 1 
238.0  0.0 3 I 

3.4023E-31 0.4347E-00 
O . 4 3 2 Z E - 3 1  0.4346E-00 
0.199lE-01-0.1912E-01 
D.1518E-01-0.5035E-02 
3.9432E-03 0.101bE-01 
0 . 4 6 5 4 E - 0 3 - 0 . 4 4 l O E - 0 3  
3.3549E-03-O.1177E-03 
3.4214E-04-0.4105E-04 
3.32bOE-34-O.1~81E-04 
0.2561E-04-0.1593E-OS 

O . Z O O 9 E - 0 1  
0.2009t-01 
3.5748E-02 
0.2714E-02 
0.469bE-03 
0.1344E-03 
0.634SE-04 
0.1234E-04 
0.5827E-05 
0.1928E-05 

3 . 4 0 9 l E - 0 1  0.5459F 00 0.2022E-01 
O.LOYOE-01 0.5451E 00 0.2021E-01 
3.2012E-01-0.1046E-01 0.5188E-02 
3.15666-0 1-0 .4930E-02 0.2734t-02 
3.95b3E-03 0.127bE-01 0.4725E-03 
3.477CE-03-0.4315E-03 0.1353E-03 
3.3bblE-03-0.1153E-03 0.6392E-04 
3.438IE-34-0.3963E-04 0.1243E-04 
0 ~ 3 3 b 3 E - 0 ~ - 0 ~ 1 0 5 8 E - 0 4  0.587Ot-05 
0.26blE-34-0.1513E-05 0.194bE-05 

0 .4169€-31  0.7567E 00 
3 . 4 l b E E - 0 1  0.7565E 00 
0.213OE-01-0.1779E-01 
~ . 1 6 2 1 E - 3 1 - 0 . ~ 8 2 1 E - 0 2  
3.P743E-03 0.1769E-01 
3.4910€-03-0.1159E-03 
3.3189E-03-0.1121E-03 
0.4539E-34-0.3819E-04 
3.3~79E-04-0.103SE-Ol 
3.217*E-04-0.155ZE-05 

0.2035E-01 
0.2035E-01 
0.5832E-02 
0.275bE-02 
0.4757E-03 
0.1363E-03 
O.bI43E-Ob 
0.1252E-04 
0.591 1E-05 
0.1966E-05 

238.0  1.0 1 I 
238.0  1.0 2 I 
Z J t l . 0  1.0 3 I 
218.0 230.0 2 I 
238.0  238.0 3 I 
238.0 230.0 3 2 

0.767 0.9 
1.0 0.0 I 1 

238.0 0.0 1 1 
238.0 0.0 2 1 

238.0 1.0 1 I 
238.0 1.0 2 I 
238.0 1.0 3 1 
23ll .C 238.0 2 1 
238.0 238.0 3 I 
238.0 238.0 3 2 

23n.o 0.0 3 I 

0.4242E-01 0.1169E 01 
0.424OE-01 0.1169E 01  
3.tlSSE-01-0.1122E-01 
0.1672E-01-0.4725E-02 
0.9913E-03 0.2733E-01 
0.5339E-03-0.4OZSE-03 
0 ~ 3 9 1 3 ~ - 0 3 - 0 ~ 1 1 0 5 E - 0 3  
0.1620E-04-0.3697E-04 
0.3591E-04-0.1015E-04 
0.2883E-04-0.1534E-05 

0 . 2 0 ~ 8 E - 0 1  
0.2047E-01 
0.5873E-02 
0.2776E-02 
0.4786E-03 
0.1373E-03 
0.6b91E-04 
0.1261E-04 
0.5961E-05 
D.IPO5E-05 

0.4334E-01 0.2143E 0 1  
0.6333E-01 0.2142E 01  
0.2203E-01-0.1677E-01 
0.1717E-01-0.4648E-02 
0.10DbE-02 0.5009E-01 
0.5150E-03-0.3920E-03 
0.4015E-03-0.108lE-03 
0.6730E-04-0~3600E-0C 
3.3b1lE-0~-0.9980E-05 
0.2976E-04-0. ISIBE-05 

0.2058E-01 
O . Z O 5 8 E - 0 1  
0.590lE-02 
0+2794€-02  
0.481lE-03 
0.1381E-03 
0.6531E-04 
O.lZ68E-04 
0.599UE-05 
0.2OOOE-05 

P = 1000 ATM, T 60,000 DEG K 

PFUEL/P 
0.09 

PFUEL/P 
0. I 

P F U E L / ~  
0.233 I 

MI M2 2122 
1.0 0.0 1 1 

238.0 0.0 I I 
238.0 0.0 2 1 

238.0 1.0 1 1 
238.0 1.0 2 I 
238.0 1.0 3 1 

238.0 238.0 3 1 
238.0 238.0 3 2 

238.0 0.0 3 I 

238.0 238.0 2 I 

a, 
0.b211E 00 
0.6269E 00 
0.1716E-00 
0.191 9E-01 
0.1466E-01 
0.5006E-02 
0.1851E-02 
0.3680E-03 
0.1700E-03 
0.50506-04 

)L )SC aR 3 L  
O.7OIOE 00 0.1031E 01  0.63OZE 00 3.7211E 00 

3.7209E 00 3.7038E 00 0.1030E 0 1  0.63OIE 00 
5.2358E-00 3.2273E-00 0.3896E-00 0.1723E-00 

0.1221E-00 0.2413E-00 3.7964E-01 1.1275E-00 
0.1638E-01 0.2409E-01 O.lCl3E-01 3 . I  605E-01 
D.5314E-02 0.910UE-02 O.CO28E-02 3.5512E-02 
0 . 2 0 5 3 E - 0 2  0.5181E-02 0.1862E-02 3.298lE-32 
0.C883E-03 0.8365E-03 0.3700E-03 1.5362E-03 
O.Zb2IE-03 0.5309E-03 0.1710E-03 3.2738E-03 

0.10bSE-03 3.1030E-03 0.4948E-03 0.5083E-04 

dSC )R 
O.IO75E 01 0.6605E 00 
O . L O 1 5 E  01 0.6603E 00 
O.ClS4E-00 0.181bE-00 
0.2713E-00 D.8kOlE-01 
0.25lZE-01 0.1544E-01 
0.9711E-02 0.4240E-02 
0.6343E-32 3.1964E-02 
0.8919E-03 0.389bE-03 
0.5826E-03 0.18ObE-03 
O.739OE-03 0.5417E-04 

3.6993E 00 0.1027E 01 
3.6991E 00 O . l O 2 l E  01 
0.226bE-00 0.301SE-00 
0.1216E-00 0.2453E-00 
D.lb3CE-01 O.2400E-01 
0.5297E-02 0.9358E-02 
0.2843E-02 0.513bE-02 

3.2611E-03 0.5268E-03 
0.9946E-04 0-4806E-03 

~ . ~ B L S E - O ~  0.831~~-03 

0.367 
3.7375E 00 0.1112E 01 0.6800E 00 
0.7313E 00 O . l I l 1 E  01 0.b798E 00 
0.2127E-00 0.4379E-00 0.1073E-00 
0.1321E-00 0.2935E-00 0.8685E-01 
0 ~ 1 7 2 4 E - O l  0.2598E-01 0.1589E-01 
0.5615E-02 O.IO24E-01 0.437EE-02 
J.3017E-02 0.68blL-02 0.2031E-02 
0.5212F-03 0.9402E-03 O.bO21E-03 
3.2035E-03 0.6302E-03 0.1865E-03 
0.llZLE-03 0.1190E-02 0.5637E-04 

0.767 
3.71*9€ 00 0.1199E 01 0.1155E 00 
0.1746E 00 O. I I99E  01 0.1153E 00 
O.259OE-00 0.4940E-00 0.198lE-00 
3.1628E-00 0.3551E-01 0.9210E-01 
3.181 LE-01 0.2003E-01 0.1672E-01 
3.5355E-02 O. I I57E-01  0.Cb31E-02 
0.3339E-02 0.0302E-02 0.21536-02 
3 . 5 5 b l E - 0 3  0.1062E-02 0 .4253E-03 
0.33b7E-03 0.162bE-03 0.1977E-C3 
3. lZSlE-33-0.3751F-02 O.bO5OE-Ob 

0 . 5  0.633 

1.0 0.0 I 1 
230.0 0.0 1 1 
238.0 0.0 2 I 
238.0 0.0 3 I 
230.0 1.0 1 1 
238.0 1.0 2 I 
238.0 1.0 3 1 
238.0 238.0 2 I 
238.0 238.0 3 1 
230.0 230.0 3 2 

0.1514E 00 
O.15IZE 00 
3.2687E-00 
0.13bOE-00 
0.175bE-01 
3.5815E-02 
3.118OE-02 
3 . 5 3 * l E - 3 3  
3.2PZOE-03 
3.lllOE-03 

0 . 1 1 4 4 5  01 
O . I I 4 3 E  01 
0.4581E-00 
0.3144E-00 
O.Zb73E-01 
0.1311E-01 
0.7350E-02 
0.983bE-03 
0 .675 lE-03  
0.2424E-02 

0.6943E 00 
0.69416 00 
3-  191 bE-00 
0.089bE-01 
0.1623E-01 
0.4400€-@2 
0.200OE-02 
0.bl I kE-03 
0.191OE-03 
0.5802E-04 

3.76311 30 0.1113E 01 O.TO58E 00 
3.7635E 00 0.1172E 01 0.7056E 00 
3.254lE-00 0.4769E-00 0.1951E-00 
3.1396E-00 0.>148€-00 0.9066E-01 
3.1705E-31 0.27bIE-01 0.1650E-01 
3.594lE-02 O . I I I 5 E - 0 1  0.4562E-02 
3.3263E-02 0.7027E-02 0.2119E-02 
3.5456E-03 0.1024E-02 0.4190E-03 
3.2916E-03 0.7181)E-03 3.1956E-03 
3.1215E-33 0.193OE-01 3.593bE-04 

0.9 
1.0 0.0 1 1 

23d.0 0.0 1 1 
230.0 0.0 2 1 
230.0 0.0 3 I 

3.7850E 00 0-1224E 01 0.1238E 00 
3.1818E 00 0.12ZCt 01 0.1236E 00 
0.2635E-00 0.5119F 00 0.2006E-00 
3.1659E-00 0.3753E-00 3.9336E-01 
J.l(l35E-31 3 . 2 0 b l E - 0 1  3.lb92E-01 230.0 1.0 1 I 

238.0 1.C 2 I 
238.0 1.0 3 I 
'38.0 238.0 2 I 
210.0 238.C 3 1 
238.J 230.0 3 2 

0.3bLOE-02 0.8773E-02 0.210ZE-02 
3.5658E-33 0.1099E-02 0.4338E-03 

37 



0-910099 - 2 

BINARY 

M I  M2 z 1 Z 2  
1.0 U.G 1 I 

738 .0  0.0 1 I 
238.0  0 . 0  2 1 
238.0 0.0 3 I 
718.0 1.0 1 1 
238.0 1.0 2 I 
238.0 1.0 3 1 
2 5 8 . 0  2 3 0 . 0  2 I 

238.0  1 3 0 . 0  3 2 
2 3 8 . 0  230.0 3 I 

1.0 0 . 0  1 I 
23tJ .Q  0 .0  I I 
238.0 0 . 0  2 1 
2 3 H . O  0.0 3 I 
238.0 1.0 1 I 
2 1 H . 0  1.0 2 I 
7 J d . O  1.0 3 I 
I3H.O 2 3 R . 0  2 I 
2 3 H . O  2 3 8 . 0  3 I 
2j tJ .Q 1 3 8 . 0  3 2 

1.0 0 . 0  1 1 
738.0 0.0  I 1 . . .  . 
21a .o  0 . 0  2 I 
I 3 a . O  0.0 3 I 
1 3 H . Q  1.0 I I 
23H.O 1.0 L I 
238.0 1.0 3 1 
1lt i .o  238.0 2 I 
23n.O 2 1 8 . 0  3 I 
2 3 4 . 0  2 3 R . C  3 2 

TABLE x (CONT'D)  

INTERIONIC DlFFUSlVlTlES CALCULATED U S  NG 
THREE D I FFERENT PROCEDURES 

DIFFUSIVITY ,aii, IN FT~ISEC 

P = 1000 ATM, T =  100,000 DEG K 

0.09 
)L -bSC aR 

O.3128E 01  0.4108E 01 0.3130E 01 
O.3127E 0 1  O.4 lO7E 01 0.3129E 01 
O.9441E 00 0.1326E 01 0.8424E 00 
0.4775E-00 O.lIO9E 00 0.3866E-00 
0.7311E-01 0.9601t-01 0.7315E-01 
O.ZZO7E-01 0.3101E-01 0.1969E-01 
D . 1 1 1 6 E - D l  0.166ZE-01 0.9031E-02 
0.2027E-02 0.214e.E-02 0.1109E-02 
0.102SE-02 0.1526E-02 0.83OOE-03 
3 .3351E-03 0 . 5 I E P E - 0 3  0.2384E-03 

0.367 

3.3205E 01  0.4383E 01 0.3401E 01 
0.3204E 0 1  0 . 4 3 8 1 1  01 0.3400E 01 
3 . I O O Z E  0 1  0.1443E 01 0 . 9 Z l S E  00 
D . 5 l O P E  0 0  0.7170E 00 0.4242E-00 
0.7677E-01 0.1024E-00 0.7949E-01 
0 .2312E-01 0 .3374E-01 O.ZlS4E-01 
3.1194E-01 0.1BIZE-OI 0.9916E-02 
0.2151E-02 0.30P9E-02 0. IPTPE-02 
0.1097E-02 0.169lE-02 0 .9 IOTE-03  
0 .366OE-03  0.6932E-03 0.2654E-03 

0.767 

'J.3135E 01  O.4IlPE 01 0.3145E 01 
0.3134E 01 0 .4110E 0 1  0 .3144E 01 
0 .9165E 00 0 . 1 3 3 1 E  01 0.8461E 00 
0 .4789E-00 0.7139E 00 0.3806E-FO 
0 .7326E -01 0.9620t-0 I 0.1350E-01 
0 .2213E-01 0 .311ZE-01 0.1980E-01 
0.1120E-01 0 . 1 6 b P t - 0 1  0.9006E-02 
0.2032E-02 0.2058E-02 0 .1010E-02 
0.1028E-02 0 .1533t -02  0.831kE-03 
0 .3363E-03 0.5920E-03 0 .2399E-OJ 

0.5  

0.9 
0.3501E 01  0.4777E 01 0.3656E 01 
0.3500E 01 0.4776E 01 0.3655E 01 
O . I O B 3 E  0 1  0.1619E 01 0.997OE 00 
3 . 5 5 9 l E  00 0.9093E 00 0.4602E-00 
0.8113E-01 O.lll7E-00 0.8546E-01 
0 .2S33E-01 0.3786E-01 0.233lE-01 
3.1337E-01 0.2126E-01 O.lO76f-01 
0.2326E-02 0.3b77E-02 0.2141E-02 
O.1230E-02 O.1952E-02 0 . 9 0 8 l L - 0 3  
0.4127E-03 0 .0077E-03 0.29206-03 

0.233 
BL = SC BR 

3 . 3 Z I S E  01 0.4259E 01 0.3296E 01 
0.3214E 01 0.4257E 01 0.3295E 01 
O.PT58E 00 0.1390E 01 0.8907E 00 
0.4958E-00 0.7523E 00 O . S O 9 S E - 0 0  
J.7513E-01 0.9953E-01 0.7703E-01 
0 .220 IE-01  0.3249E-01 0.2002E-01 
0.1159E-01 0.1759E-01 0.9574E-02 
J.ZO9SE-02 0.29818-02 0.1913E-02 
0.1065E-02 0.1615E-02 0.8793E-03 
0.3519E-03 0.6436E-03 0.2540E-03 

0.633 

0.34OZE D l  O . 4 5 9 S E  01 0.3549E 01 
0.3401E 01 0.4591E 01 0.3540E 01 
D.1046E 01 0.1531E 01 0.9650E 0 0  
O.5368E 00 0.8514E 00 0.1449E-00 
O.19SZE-01  O.IOT4E-00 0.0294E-01 
0.2445E-01 0.3593E-01 O.2256E-01 
0.1255E-01 O.IP9OE-01 0 . 1 0 1 0 ~ - 0 1  
0.2245E-02 0.3300E-02 0.2072E-02 
3.1153E-02 O . 1 1 Z B E - 0 2  O.9553E-03 
0.3908E-03 0-1901E-03 0.20ObL-03 
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T A B L E  PIT 

COEFFICIENTS OF DIFFUSION IN EQUlLl BRlUM MIXTURES 
OF HYDROGEN AND URANIUM 

COEFFICIENT OF DIFFUSION, oij, IN F T ~ / S E C  

P =  100 ATM, T = 20,000 DEG K 

0.09 
O.4Obbt 01 
0.194.C-01 
0.1860E-OI 
0.1039E-01 
0.4252t 01 
0.1493E 0 3  
P . 2 2 8 l C - O i  
0.1521E-07 
0.1330E-Oi 
0.1963E-00 
0.2129E o i  
O.lZ05E-Ol 
0.1031E-04 
0 . S l  %E-04 
0.1559E-01 

0.1 0.233 
0.9852E 01 
0.4424E-01 
0.4370E-01 
0.4357.5-01 
O.lO18E 02 
0-3922E 03 
0.2615E-02 
0.2238E-02 
0.213ZE-02 
0.35236-00 
0.1643E 02 
0.101 3E-01 
0 -81 7 1  E-04 
0 - 5 6 1  1 E-05 
0.19338 -01 
0.2198E 02  
0.12OOE-01 
0.1744E-05 
0 -5439E-04 
0.1001E-01 
0.11326 0 2  
0 .bib l €  -02 
0.2609E-04 
0.2609€-04 
0 .6161€-02 
0.3938E 04 
0.20bZE 01 
0.9961E-02 
O.9329E-02 
0.8799€-02 

0.5 0.633 
u.rZ8.f 02 
0.10038-00 
0.9998E-01 
O.9992E-01 
0.235SE 02 
0.97OIE 0 3  
0.312SE-02 
0.3031E-02 
D.3008E-02 
0.6162E 00 

0.1035E-02 
O.9113E-04 
O.SI31E-04 
D.2601E-01 
0.324kE 02 

0.9OOlE-OI 
0.1764E-01 
O.1162E-01 
0.1602E 02 
D.8720E-02 
0 . 3 6 9 3 6 4 1  
0.36938-01 
0.8120E-02 
0.8kblE Ok 
0.15SOE 01  
0.1966E-01 
0.1919E-01 
D.I.Z.f31 

o.et.oae 01 

0 . 1 7 7 ~ - 0 1  

0.767 
0.26111 02 
D.lIb5E-OD 
0.1162E-00 
0.1161E-00 
J.2711E 02 
3.llklE 0 1  
J. 3219E-02 
0.31 65E-02 
0.31¶3E-02 
0.6813E 00 

0.6472E-02 
0.9264E-01 
0.5014E-04 
O.289lE-01 
0.3415E 02 
0.1868E-01 
0+9206E-O1 
0.8139E-01 
0.1548E-Ol 
0.1679E 02  
0.9139E-02 
0.3871E-OS 
0.3871E-OS 
0.9139E-02 
0.9650E 0 1  
0.52231 01 
0.2232E-01 
0.2223E-01 

O . I O I ) B E  01 

0 . 2 2 1 3 ~ - 0 1  

0.9 
0.30SZE 02  
O.1324E-00 
0.132lE-00 
0.13218-03 
0.3121E 02 
0.1308E 0 1  

0.32blE-02 
0.3262E-02 
0.74088 00 
0.5823E 01 
0.6047E-02 
0.9303E-OS 
0.4976E-04 
O.3093E-01 
3.3546E 02  
0.19klE-01 
0.9365E-04 
O.8126E-04 
0. I6 16E-01 
O.1731E 02  
0.9456E-02 
0.4005E-OS 
0.4005E-04 
0.9456E-02 
0.1077E 0 5  
0.5819E 01 
0.2483E-01 
0.2480E-01 
0.2418E-01 

0 .3zew-02 

0.0 1.0-1 1 
0.0  238.0-1 1 
0.0 238.0-1 2 

0.4S016 01 
0.21YSE-01 
0.2052t-01 
0. LO 32 E-01 

0 .189W 02 
0.8330I -01  
0.8294E-01 
0.8286E-01 
O.19SOE 02 

0 .0  238.0-1  3 
0 .0  1.0-1 0 
1.0 0.0 1 - 1  
1.0 230.0 I 1 .~ . .  
1.0 238.0 1 , 2 
1.0 238.0 1 3 
1.0 1.0 1 0 

238.0 0.0  1 - 1  
238 .0  1.0 1 I 
238.0 238.0 1 2 
238.0 238.0 1 3 
230.0 1.0 1 0 
238.0 0.0  2 - 1  
238.0 1.0 2 1 
238.0 2 3 8 . 0  2 1 
230.0 238.0 2 3 

...~ . .. 
D.1227E 02 
0-67171-02 
0.62661-01 
0.32 10E-04 

. . -. - . 
0.1322E 02 
0.72506-02 
0.6116E-01 
0.3133E-04 

238.0 1.0 2 0 
238.0 0.0 3 - 1  
218.0 1.0 3 1 
2 3 8 . 0  238.0 3 1 
2 3 8 . 0  238.0  3 2 
238.0 1.0 3 0 

1.0 0.0 0 - 1  
1.0 1.0 0 1 
1.0 238.0 0 1 
1.0 238.0 0 2 
1.0 238.0 0 3 

0.6167E-0; 
0.68001 01 
0.3744E-02 
0.158bE-04 
0.1586E-04 
0.314kE-02 
0.1129E 0 4  
0.8950E OD 
0.5507E-02 
0.44  S9E-02 
0.38OSf-02 

0.6516E-02 
0.73251 O! 
0.3P87t-02 
0.1688E-04 
0.1608E-04 

0.1903E 0 1  
0.90SlE 00 
0 .S01lE-02 
0.k844E-02 
O.6LbTE-02 

0 . 3 9 8 i e - o ~  

P =  100 ATM,  T = 60,000 DEG K 

0.367 0.09 0 .I 
0.WZba 02 
0.21001-00 
0.2237E-OD 
0.220lE-00 
O.SI2SE 02 
0.196SE 0 1  
0.3216E-01 
0.1182E-Ol 
0.1SlOE-01 
0.2610E 01 
0.5308E 03 
3.2089E-00 

0.233 
0.8844C 02 
0.3960E-00 
0.3860E-00 
0.3018E-DO 
J.9053E 0 2  
0.3695E 0 4  
0.2346E-01 
0.1113E-01 
0.1S76E-01 
0.3301E 01  
0.607SE 0 3  
0.3307E-DO 
0.1400E-02 
0.1100E-02 
0.3307E-00 
O.lb67E 0 3  
0.9116b-01 
0.453lE-03 
O.392ZE-03 
O.9107F-01 

0 . 5  
0.1388E 03 
0.6032E 00 
0.59781 0 0  
0.5966E 00 
0.14Olt 03 
1 . 5 9 l l E  0 1  
0.1992E-01 
O.1715E-Ol 
0.17ZlE-01 

0.6053E 03 
0.3730E-00 
0.1SBOE-02 
0.158OE-02 
0 . 3 1 3 0 E - 0 0  
0.11968 03 
0.9912E-01 
3 . S 1 5 3 E - 0 3  
0.4342E-03 
O.IOO9E-00 
0.1610E 02  
0.2368E-01 
0.1427E-02 
0.4321E-03 
0.1319E-01 
3.5720E 04 

0 . 3 9 1 9 ~  01 

0.633 
0. ISbW 0 3  
0.6185E 00 
0.6739E OD 
0.6129E 00 
0.1580E 03 
0.67OSE 06 
O.194 lE-O1  
0.1811E-Ol 
D. l l88E-01 
0.4124E 01  
0.1133E 03 
0.3882E-00 
9.1644E-02 

0.767 0.9 
0.0 1.0-1 1 
0.0 238.0-1 1 
0.0 238.0-1  z 

0.4SbOf Oi 
0.227 IE-OC 
0.2386E-DO 

0.11b8t 03 
0.S122E 00 
O.SO5SE 00 
0.5041E 00 
0.1188E 03 
0.194kE 0 4  
D.2093t-01 
0.1736E-01 
O.lb50E-01 
0.3661E 01 
0.6519E 03 
0.3548E-00 
0. lS03E-02 
O.1503E-02 
0.3540E-00 
O.1749E 03 
0.9609E-01 
D.Sl02E-03 
O.Sl7ZE-03 
3.9133E-01 
0.1608E 02 
O . 1 9 O O E - O I  
3.1303E-02 
O.sl38E-03 
0.12631-01 
0.4508E 0 4  
D .2153E 01 
D.IJ40E-01 
0.1340E-01 
3 - 1 3 3 9 6 - 0 1  

0.172SE 0 3  
0.76368 00 
D.7394E 00 
0.7385E DO 

I.llbO€ 0 3  

3.1965E 00 
J . ~ O O ~ E  0 0  

0.0 230.0-1 3 
0.0 1.0-1 0 
1.0 0 .0  1 - 1  
1.0 236.0 I 1 
1.0 238.0  I 2 
1.0 238.0 1 3 
1.0 1.0 1 0 

238.0 0 .0  I -1 
238.0 1.0 1 1 
238.0 238.C 1 2 
238 .0  238.0 1 3 
238.0 1.0 1 0 
23H.O 0.0 2 - 1  
2 3 8 . 0  1.0 2 1 
238.0 238.0 2 I 

238.0 1.0 2 0 
730 .0  0.0 3 - 1  
7 3 8 . 0  1.0 3 I 

238.0 2 3 8 . 0  3 2 
218.0 1.0 3 0 

1.0 0.0 0 - 1  
1.0 1.G 0 1 
1.0 230.0 0 1 
1.0 738.0 G 2 
1.0 238.0 0 3 

738.0 238.0  2 3 

230.0 238.0 3 1 

0.2047E-00 
0.4156E 02  
0.1803E 04 
0.3105t-01 
D . 1 8 O l E - 0 1  
0.146OE-01 

'0.2521E 01 
0.52121 0 3  
2-28 3 6E-00 
0.1201F-02 
O.1ZOIE-02 
0.2036E-00 
0.1451E 0 3  
5.1906E-01 
0.3566E-03 
0 .3360t -03  
0.7925E-01 

0.1507E-01 
O.lO99E-02 
3 .3223E-03  
D.1207E-01 
0.3519E 04 
0.1060E 01 
0.7957E-02 
3.7905E-02 
0.78911-02 

0.2340E 02  

3.7957E 00 
3.1078E 0 3  
5.7981E OS 
3.1920E-01 
0.190ZE-01 
O.1896E-01 
3 .4456E 01 
0.7606E 0 3  
0.4140E-00 
0.1754F-02 
3.17S3E-02 
0.4140E-OD 
0 . 1 R 5 4 E  0 3  
0.134OE-03 
0.7278E-03 
D.Sb74E-03 
0.1073E-00 
3.1927E 02 
3.2536E-01 
0.1492E-0? 
0. 467OE-03 
3.15lZE-01 
3 .5172E 04 
3 . 2 8 1 5 f  01 
O. l lY2E-01 
3.1192E-01 
~ . 1 1 9 2 C - 0 1  

0.1713E 03 
0.1308E 04 
0.193OC-01 
0.1860E-01 
0.10S4E-01 
3-4300E 01 
0-1302E 0 3  
0.4318E-00 
0.1702E-02 
0.1102E-02 

0.1843E 0 3  
0.1020E-00 
0.6193E-03 
0.S582E-03 
0 -  LO56E-00 
0.1781E 02  
0.238Sit-01 
0.1417E-02 
?.4S7SE-O3 
O-ISSbE-01 
0 . S 3 3 B E  01 
0.2752E 01 
0 .11bI8-01  
0.1161E-01 
0.1161E-01 

o.4oieE-oo 

D.i.223;-02 
3.1223t-02 
5-2889E-00 
0.1478E 03 

. -. . . . 
O.lbS4E-02 
0.3802E-OD 
0.102SE 03 
0.1012E-00 0.8052E-01 

0.3658E-03 
5 .34331-03 
0.0015E-01 
O.2006E 02 
O . 1 5 2 I E - 0 1  
3.112SE-02 
0.3300E-03 
3.1205E-01 
3 . 3 5 1 5 E  01 

3.6285E-03 
O.kC74E-03 
0.1315E-00 
3.1677E 02 
0.2229E-01 
0.1456E-02 
J.146lE-03 
3 .1381E-01 
0 .4809E 04 
3 .266lE 01 
0.1127E-01 
3.1127E-01 
3 .1 IZ lE-01 

~ . _ _  
0.1713E 0 2  
3 .172lE-01 
0.13OlE-02 
0.3863E-03 
3.1211E-01 
0 . S l P S E  OS 
0.22821 01 
0.9695E-02 
0.9676E-02 
0 .9bl IE-02  

. ~ .  
D.1912E 01 
3.817lE-02 
0 .8123E-02 
3.81111-02 

0.2568E 01  
O.1009E-01 
0.1188E-01 
O.lJO8E-01 
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T A B L E  STT (CONT'D) 

COEFFICIENTS OF DIFFUSION IN EQUILIBRIUM MIXTURES 
OF HYDROGEN AND URANIUM 

I 
COEFFICIENT OF DIFFUSION, D ~ ~ ,  IN F T ~ / S E C  

P = 100 ATM, T = 100,000 DEG K 

FUEL / p  

0.0 1.0-1 1 
0.0 238.0-1 I 
0.0 238.0-1 2 
0.0 238.0-1 3 
0.0 1.0-1 0 
1.0 0.0 1 - 1  
1.0 238.0 I I 
1.0 238.0 I 2 
1.0 230.0 I 3 
1.0 1.0 1 0 

238.0 0.0 I - I  
238.0 1.0 I 1 
23f l -0  238.0 I 2 
238.0 238.0 1 3 
238.0 1.0 I 0 

238.0 1.0 2 1 
238.0 238.0 2 I 
238-0 238.0 2 3 
238.0 1.0 2 0 
238.0 0.0 3 - 1  
238.0 1.0 3 1 
238.0 238.0 3 I 
238.0 238.0 3 2 
238.0 1.0 3 0 

1.0 0.0 0 - 1  
1.0 1.0 0 1 
1.0 239.0 0 1 
1-0 230.0 0 2 

23n.o 0.0 z - 1  

1.0 23e.o o 3 

0.0 1.0- 
0.0 238.0- 
0 -0  238.0- 
0.0 238.0- 
0.0 1.0- 
1.0 0.0 
1.0 238.0 
1.0 238.0 
1.0 238.0 
1.0 1.0 

238.0 0.0 

238.0 238.0 
238.0 238.0 
238.0 1.0 
238.0 0.0 
238.0 1.0 
238.0 238.0 
238.0 238.0 
2 3 8 . 0  1.0 
230.0 0.0 

238.0 2 3 0 - 0  

238.0 1.0 

238.0 1.0 

1 
1 
2 
3 
0 

- I  
I 
2 
3 
0 

- 1  
1 
2 
3 
0 

-1  
1 
1 
3 
0 

-1 
1 
I 

238.0 238.0 3 2 
238.0 1.0 3 0 

1.0 0.0 0 - 1  ... . . ~  
1.0 1.0 0 1 
1.0 238.0 0 I 
1.0 238.0 0 2 
1.0 238.0 0 3 

0.09 
0.23801 03 
0.1169C 01 

0.88961-01 
0.7348E-01 
0.11311 02 
0.26271 04 
0.14301 01 
0.60561-02 
0.6054E-02 

5.73931 0 3  
0.4DZIE-DO 
0.1706E-02 
0.1704E-02 
D.4OZIE-00 
0.9596E 02 
0.73S6E-01 

D.1639E-02 
0.54301-01 
D.IZS41 05 
0.68251 01 
0.2899E-01 
0.2894E-01 
0.2893E-01 

0.1430~. 01 

o . m ~ o c - o ~  

0.09 
0.3251E-03 
0.1972E -02 
0 . 1 5 9 4 € - 0 2  
0.15 1 5 t - C Z  
0.3139t-00 
0.8662E 01 
0.5997E-03 
0.2316E-03 
O.lS09E-03 
0.1925E-01 
0.4237E 01 
0.2343E-02 
0.11691-04 
0.1046E-04 
0.2531E-02 
0.1608E 01 
D.8807E-03 
O.7438E-05 
0.3988E-05 
0.87561-03 
0.6961E DO 
0.379ZE-03 
0.16DIE-05 
0.16061-0S 
0.3792E-03 
D.125OE 03  
D.62ISE-Dl 
0.11321-02 
O. IPS7E-03  
0.30411-03 

0. I 
0.2203E 03 
0.1102E 01 
0.101IE 01 
O.9917E 00 
0.2282E 0 3  
0.8690E D I  
0.1690E-00 
0.8976E-01 
0.7203E-01 
D.LD83E 02 
O.Z581E OI 
0.14051 01 
0.5949E-02 
0.5949E-02 
O.ISO5E D l  
0.7258E 0 3  
0.39501-00 
0.1674L-02 
0.1673E-02 
O.395OE-00 
0.9837E 02 
0.7308E-01 
D . I I37E-02  
O.1601E-02 
0.549SE-01 
0.12061 OS 
0.6S571 01 
0.28721-01 
0.281ZE-O1 
o . 1 7 9 ~ ~ - 0 1  

0.233 
0.42441 0 3  
O.IPO3E 01 
0.18S8E 0 1  

0.4336E 0 3  
0.17131 05 
O.ll+7E-O0 
0.83STE-01 
0.7699E-01 
0 .1S11E 02 
0.2956E 04 
0.1609E 01  
0.6813t-02 
0.6813E-02 
0.16091 01  
0.8336E 03 
0.45371-00 
0.19261-02 
0.1922E-02 
0.4537E-OD 
0.6847E 02 
0.77131-01 
O.6649E-02 
0.1894E-02 

D.LBIPE 0 1  

0.4903E-0 I 
0.157Of 05 
0.8545E 01 
0.36231-01 
0.36211-01 
0.36201-01 

P =  500 ATM, 

0.1 
0.1360E 01 
0.6399E-02 
0.61756-02 
O.6llOE-02 
0.1407E 01 
O.I.¶ISE 02 
0.64981-03 
D.4557E-03 
0.39091-03 
D.4095E-01 
0.3I47E 01 
J.2103E-02 
0.1670E-04 
O.ll53E-04 
0.321Ik-02 
0 .479 IE  01 
0.2602E-02 
O.lIO5E-04 
0.1136E-04 
O.ZI4lE-02 
O.ZDSTE 01 
0. IIZOE-02 
0.47421-05 
0.4742E-05 
0.1120E-02 
0.S76SE 03 
0.28751-00 
O.19SSE-02 
0.1S23E-02 
O.UIeE-OZ 

0.233 

0.2924E 01 
0-1392E 0 3  
0.7098E-03 
0.6122E-03 
0.5752E-03 
D.BS94E-01 
0.2396E 01 
0.1745E-02 
0.19SlE-04 
D.1170E-01 
5.41581-02 
0.6931E 01 
0.3762E-02 
3.1708E-04 
0.16221-06 
0.35081-02 
O.3089E 01 
0.1681E-02 
O.71ZDE-05 
0.7120E-OS 
D.16BLE-02 
0.11?3E 04 
0.5950E DO 
0.309SE-02 
D.ZBO8E-DZ 
0.2l4lC-02 

0.367 
o . w m  03 
0.2433t 01 
0.2400E 01 
0.2393E 01 
0.5632E 0 3  
D.23I6E 05 
0.10051-00 

0.794ZE-01 
O.1697E 02 
0.3116E 01 
0.16961 01 
0.71 8ZC-02 
0.718ZE-02 
0.1696E 01 
0.88071 03 
0.419IE-DE 
0.2030E-Oi 
0.2031E-Oi 
0.4794E-OD 
0.49IZE 02 
0.7963E-01 
0.7DOIE-02 
0.25 IS€-02 
0.66731-01 
0.16951 05 
0.92241 0 1  
0.39091-01 
0.39OTE-01 
0.39011-01 

O . I ) ~ O ~ E - O L  

0.5 
3.6501E 0 3  
O.2828E 01 
D.2801E 01 
0.2796E 01 
0.6S8lE 03 
0.27601 05 
3.9397L-01 
D.83I9E-01 
0.8129E-01 
O.1809E 02 
0.3222E OS 
0.11531 01 
0.7426E-02 
0.7426E-02 
3.11531 01 
0.91246 0 3  
O.4967E-00 
0.21 IS€-02 
0.2105E-02 
0.4968E-DO 
0.35569 02 
0.8156E-01 
0.7362C-02 
0.2095E-02 
0.4543E-01 

0.40600C31 

T =  20,000 DEG K 

0.367 
0.4109E 01 
0.1814E-01 
0.1804E-01 
0.18011-01 
0.4219E 01 
0.1631E 03 

0.69261-03 
0.671SE-03 
0.1130E-DO 
0.1728E 01 
D . IS I71 -02  
D.ZO8OL-04 
0.1164E-04 
D.4888E-02 
0.7953E 01 
0.632DE-02 
0.19711-04 
0.1853E-04 
O.4lIlE-02 
0.3627E 01  
0. IP74E-02 
0.8361E-05 
0.8361E-05 
0.1974E-02 
O.1636E 04 
0.1I30E DO 
D.I005E-D2 
0.3804E-02 
0.3SObE-02 

0 . 7 ~ 4 e - 0 3  

0.5 
0 .5198t  01 
0.2278E-01 
0.22 7OE-01 
0.2261 E-0 1 
0.5330E 01 
0.2121E 03 
0.7791E-03 
0 . 7 4 4 2 t - 0 3  
C .7322€-03 
0.1358E-00 
0.1268E 01  
0.1353E-02 
0.2157E-04 
0.1153E-04 
0.5491E-02 
0.8569E 01  
0.1659E-02 
O . 2 0 8 I E - 0 1  
0 -1994E-04 
0.437CE-02 
0.3967E 01 
0.2159E-02 
0.9144E-05 
0.9111E-05 
0.2159E-02 
0.2000E 0 1  
0.1016E 01 
0.k712E-02 
O.1604t-02 
0.1439E-02 

0.633 
0.7251E 0 3  
0.31 38E 01 
0.311SE 01  
0 . 3 l I l E  01 
0.7333E 0 3  
0.3399E 0 5  
0.90 38E-01 

0.633 
0.6160E 01 
0.2688E-01 
0.2681E-01 
0.2679E-01 
0.6312E 01  
0.2561E 0 3  
0.8033E-03 
0.782DE-03 
0.77SSC-03 
D . 1 S S I E - O D  
0.9306E 00 
0.1225E-02 
3.2211E-04 
0.114OE-04 
0.6OOIE-02 
0.8991E 01 
0.4896E-02 
O.Zl6IE-01 
0 .ZOPlE-04  
0.4613E-02 
D.rZ1IE 01 
0.2292E-02 
0.9706E -05 
0.9706E-DS 
D.ZZ9ZE-02 
O.2298E OI 
0.1217E 01 
0.5362E-02 
O.SZ73E-02 
D.?lb16-02 

0.767 
0.7863e 03 
0.33925 01 
0.3372E 01 
0 . 3 3 6 8 1  01 
0 - 7 9 I Z L  03 
0.3368E OS 
0.88IPE-01 
0.848SL-01 
0.8I14E-01 
0.19501 02 
0.33681 04 
0.1833E 01 
0.7763E-02 
0.7763E-02 
0-1833E 01 
O.PS67E 0 3  
3.S209E 00 
0.22248-02 
D.ZZDI)E-02 
0 . S 2 L O E  00 
0.1643E 02 
O.8457E-01 
0.71291-02 
0.2205E-02 
3.4399E-01 
0.1831E 05 
0.9966E 01 
0.42ZIE-01 
0.4221E-01 
D.IZ211-01 

0.767 
0.7039E 01 
0.3062E-01 
0.3355E-01 
0.3354E-01 
0.7207E 01  
0.2971E 03 
0.8237E-03 
0.81186-03 
0.8086E-03 
0.1727E-00 
0.6702E 00 
D . l I l 9 E - 0 2  
O.ZZS1E-04 
O.IlZ8E-OI 
O.6157E-02 
0.9320E 01 
0.507SE-02 
0.22211-04 
0.2165E-OI 
0.4797E-02 
0.4398E 01 
0.2394E-02 
O.lDl4E-04 0.13 L I C - O I  

0.2394E-02 
0.255lE 04 
0.13611 01 
0.59OSE-DZ 
0.58S71-02 
0. I794C-02 

0.9 
0.8367E 0 3  
3.3631C Dl 
3.3583E 01 
J.3579F 0 1  
3 . 8 4 1 4 €  0 3  
0.3590E 05 
3.8679E-01 
3.8555E-01 
3.8529E-01 
3.2300E 0 2  
O . 3 4 2 3 t  04 
3.1863E 01 
O.789OE-02 
0.789OE-02 
0.1863E 01 
0 .9735t  0 3  
0.5301E GO 
0.2267E-02 
0.2247E-02 
0.5303E GO 
0.9581E 01 
O.8579E-01 
0.7864E-02 
0.2216E-02 
0.6355E-01 
0-1852E 0 5  
0.1308E 02 
0.4269E-01 
0.4269E-01 
O.4269E-01 

0.9 
D.7867E 01 
0.3ClSE-01 
0.3109E-01 
0 - 3 I O l E - 0 1  
0.83SLF 01 
0.3360E 03 
0.8IOIE-03 
0.835lE-03 
0.83IOE-03 
0.1883E-OD 
0.6622E-00 
O.lO3IE-02 
0.2283E-01 
0. I Ill€-04 
0.6872E-02 
0.9570E 01 
D.521IE-02 
0.221SE-OI 
D . 2 2 2 2 E - 0 1  
0. IPIOE-02 
0.4543E 01 
O.ZI7ZE-02 
0 .13 I7E-OI  
0. lOI7E-OC 
0.2572E-02 
0.277IL O I  
0 .15OZE 01 
0.6I00E-02 
0.638SE-02 
D.b364€-02 

41 
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TABLE PII (CONT'DI 

COEFFICIENTS OF DIFFUSION IN EQUILIBRIUM MIXTURES 
OF HYDROGEN AND URANIUM 

COEFFICIENT OF DIFFUSION, D i j ,  IN  FT2/SEC 

P = 500 ATM, T =60,000 DEG K 

M I  M 2  ~ 

3.0 1.0- 

0.0 238 .0 -  
0.0 2 3 8 . 0 -  
u.0 1.0- 
1.0 0.0 
1.0 2 3 0 . 0  

0.0 2 3 8 . 0 -  

1 2 2  
1 
I 
2 
3 
0 

- 1  
I 

1.0 2 3 8 . 0  I 2 
1.0 2 3 8 . 0  I 3 
1.0 1.0 I 0 

238.0  0.0 1 - 1  
23R.0 1.0 I I 
2 3 d . O  2 3 0 . 0  1 2 
2 3 8 . 0  238.0 I 3 
2 3 8 . 0  1.0 1 0 
23R.0 0.0 1 - 1  ~ ~ . ~ .  ~ . 
23H.0 1.0 2 I 

? 3 H . O  238.0 2 3 
23n.0 z3n .0  z I 

2 ) n . o  1.0 z o 
2 ) n . o  0 .0  3 - I  
2 3 8 . 0  1.0 3 1 
238.0 238.0  3 1 
2 3 H . O  238.0 3 2 
238.0 1.0 3 0 

1.0 0 .0  0 - 1  
1.0 1.0 0 I 
1.0 238.0 0 I 
1.0 238.0  0 2 
1.0 238.0 0 3 

0.0 1.0-1 I 
0.0 238.0-1 I 
0.0 2 3 8 . 0 - 1  2 
0.0 2 3 8 . 0 - 1  3 
0.0 1.0-1 0 
1.0 0.0 I - 1  
1.0 238.0  I I 
1.0 238.0 I 2 
1.0 238.0 I 3 
1.0 1.0 I 0 

2 3 8 . 0  0 .0  I - 1  
2 3 3 . 0  1.0 1 I 
2 3 8 . 0  2 3 8 . 0  I 2 
238.0 238.0 I 3 
238.0 1.0 1 0 

218.0  1.0 2 I 
238.0 2 3 8 . 0  2 I 
2 3 8 . 0  238.0  2 3 
2 3 H . O  1.0 2 0 

2 3 8 . 0  0.0 z - 1  

238.0 0.0  3 - 1  
2 1 8 . 0  1.0 3 I 
2 3 8 . 0  2 3 8 . 0  3 1 
1 3 8 . 0  2 3 8 . 0  3 2 
2 3 8 . 0  1.0 3 0 

1.0 0.0 0 - 1  
1.0 1.0 0 I 
1.0 2 1 8 . 0  0 1 
1.0 2 3 8 . 0  0 2 
1.0 238.0 0 3 

0.09 
C . I C U l E  C 2  
0.24 L I E - C I  
0 .CY 71t -0 1 
0. 4 R 8 3 t  -0 1 
O . l l 3 3 t  02 
0.4295t 03 
0.8 I OVE-02 
0 - 4 3 2  I E - O i  
0 .350nt -P i  
0.5966t DC 
O.125HE 03 
0 .bHkVt-OI 
0.2q91t-01 
0 . 2 V O  I E -G : 
C .b84 4t-01 
0 . 3 3 4 b k  0 2  

0.1 
O.II8OE 0 2  
3.5769E-01 
0.5365E-01 
0.52 l lE-01  
3.1228E 0 2  
0.4106E 03  
0.7768E-02 
O.43OlE-02 
0.3549E-02 
0.6209E 00 
0.1288E 0 3  
O.1OIOE-01 
0.2969E-03 
0.2969E-03 
0.701IE-Ol 
0.3400E 02 

0.1833< -01 
O.1Cl l t -03  
G .19 756 - C , 4  
F.IH5Oi-01 
0.5R26t G I  
0 . 4 0 4 5 t - 0 2  
C.L484L-03 
0.162 3 t -04  
0.2918E-02 
0 . 7 1 4 1 t  0 3  
0 . 3 8 0 L t - 0 0  
0.1 b98t -02 
O . l b b 3 t - 0 2  
0.1654E-02 

0.09 
0.S166E 02  
0.2576E-00 
0.2365E-00 
0.2321E-00 
1.5342f 02  
0.2042E 04 
0.3886E-01 
0.235SE-01 
0.1666E-01 
0.2463E 0 1  
0.5929E 0 3  
0.3227E-00 
0.1367E-02 
0.1367E-02 
0.3227E-00 
O.Ib75E 03 
0.9117E-01 
0 . 3 8 1 9 E - 0 3  
0.3863E-03 
0.91 18E-01 . _ _  
1.2229E 02 
O . l b l I E - 0 1  
0.1271E-02 
0.3691E-03 
O.IIB4E-01 
0.2419E 0; 
0 .1316E 01 
0 . 5 6 3 3 E - 0 2  
3.559bE-02 
0.558bE-02 

3.1862E-01 
O.lOb3E-03 
0.81 38E-06 
0. 1884E-01 
O.S.9POE 01 
O.4lSBE-02 
0.254OE-03 
0.7815E-04 
9.3002E-02 
0.7390E 03 
0.4018E-00 
0.1750E-02 
0.17IBE-02 
0.110vE-02 

0.233 
0.2231E 02  
O.lOO1E-00 
J.9788E-01 
0 .9138E-01 
3.2290E 02 
0.9349E 03 
3.S914E-02 
0.4360E-02 
0. 40 I l E - 0 2  
0.832OE 00 
O.lSS5E 03 
0.8465t-01 
0.3586E-03 
0.3585E-03 
3.8165E-01 
0 . 3 1 O I E  02  
0.2059E-OI 
0.1576E-03 
0.9389E-04 
0.2126E-01 
0.7253E 01 
0.5606E-02 
0.2867E-03 
0.9231E-04 
0.358SE-02 
O.948OE 03 
O . S l S 6 E  00 
O.2204E-02 
0.2191E-02 
0.2187E-02 

0.367 
O.YO74E 0 2  
0 . 1 3 4 l E - 0 0  
0.1331E-00 
0.1327E-00 
0.3128E 02 
3.1302E 04 
3.S502E-02 
0.4603E-02 
0.4102E-02 
D.Pb44E OD . ~ ~.~ 
0.1135E 03 
0.9442E-01 
0.6OOIE-03 
0.39991-03 
0.9443E-01 
0.3732E 02 
0.2117C-01 
0.2OOlE-03 
0.1004E-03 
0.22216-01 
0.8972E 01  
0.6944E-02 
0.2949E-03 
0.9940E-04 
0.42SOE-02 
0.1083E 04 
0.5892E 00 
0.2506E-02 
0.2499E-02 
0.2497E-02 

0.5 
I . Y l 7 l t  02  
3.1638E-00 
I.  1625E-00 
1.1622E-00 
0 .38ZSE 02  
0.1606E 04 
0.Sk16E-02 
0.6859E-02 
0.4134E-02 
O.IOb7E 01 
0.1818E 03  
0.1022E-00 
0.4333E-03 
0.4331E-03 
3.1023E-00 
0.3683E 0 2  
0.213SE-01 
0.2386E-03 
0.1048E-03 
O.2280E-01 
0.1377E 02  
0.1163E-02 
0.2964E-03 
0.1041E-03 
0.4917E-02 
0.1193E 04 
0.6490E 00 
0.27SSE-02 
0.27SIE-02 
0.275OE-02 

P = 5 0 0  ATM, T =  100,000 DEG K 

0.1 

n . 2 7 3 1 ) ~ - 0 0  
0.5517E 0 2  

0.2535E-00 
0.2493E-00 
0.5759E 02 
0 . 2 2 2 4 E  04 
0.3102E-01 
0 -20  3 I E -0 1 
0.16 15 E -0 I 
0.Z518E 0 1  
0.6033E 0 3  
0.3283t-00 
0.1391E-02 
O.1391E-02 
0.3283E-00 
0.1707E 0 3  
0.9290E-0 I 
0.3955 E -0 3 
0.3936E-03 
0 . 9 2 9 l E - 0 1  
0.2171E 02 
0.1681t -F1 
0.1303C-02 
0.3185E-03 
O.116bE-01 
0.2509E 04 
0.1365E 01  
0.5835t-02 
0.58CZE-02 
0 -5793E -02 

0.233 
0.99lkE 02  
O.6641E-OD 
0.43368-00 
0.4314E-00 
O.LOI2E 03 
O . k I 4 l E  04 
0.264lE-01 
0. 1924E-01 
0.1768E-01 
0.3477E 01 
0.6808E 0 3  
0.3105E-00 
O.lS69E-02 
0.1569E-02 
0.37OSE-00 
0.1945E 03 
O.lOS9E-00 
0.4539E-03 
0.4489E-03 
9.1359E-00 
0.1567E 02  
0.178IE-01 
0.1S27E-02 
0.44236-03 
0.1030E-01 
0.3146E 04 
0.1112E 01 
0.7212C-02 
0.7259E-02 
0-72SSE-02 

0.367 
0.1294E 03  
0.Sb75E 00 
0.56OOE 00 
O.SS84E 00 
0.1315E 03 
O.5475E 04 
0.2323E-01 
O.1922E-01 
0.1834E-01 
0.391SE 01 
O.72OSE 0 3  
0.3921E-00 
0.1661E-02 
0.1661E-02 
0.3921E-00 

0.1125E-OD 
O.6856E-03 
0.4772E-03 
0.112SE-00 

0.206se 03 

0.3601E 06 
0.1851E 01 
0.7849E-02 
0.7842E-02 
0.78101-02 

0.5 
0.1518t 0 3  
0.6601E 00 
0.6540E 00 
0.6527t 00 
0.153RE 03 
0.6465E 02 
O.218 l t -01  
0.1938E-01 
0.1885E-0 I 
O.4192€ 0 1  
0.1417E 0 3  
0.406VE-00 
0.172 3 t - 0 2  
0.1123t -02 
0 .kO69t-00 
0.2147E 0 3  
0.1170E-00 
0.5085E-03 
0.4966E-03 
0.11 1 LE-00 
0.8648E 01 
0.19 14E-01 
O.1699E-02 
0.4944E-03 
0.944 I E-02  
0.353RE 02 
0.192bE 0 1  
0.8161E-02 
0.815RE-02 
0.81 5 l E - 0 2  

0.633 
0.4371E 0 2  
0.1893E-00 
O.IB8IE-00 
~.18lPE-03 
0 . 4 4 3 3 1  0 2  
0.1872E 04 
0.5445F-02 
3.5104E .02 
1-5D28E-02 
3.1154E 01  
0-20OlE 03 
0.1089E-00 
0.4619E-03 
0.4616E-03 
O.lO9OE-00 
0.3603E 02  
0.2135E-01 
0.2727E-03 
3.1383E-03 
0.231 I E - 0 1  
0.1256E 0 2  
0.9286E-02 
0.29S4E-03 
0.1017E-03 
0.5573E-02 
0.1290E 0 4  
0.7020E 00 
0.2916E-02 
0.297SE-02 
O.ZP74E-02 

0.633 
3.169SE 03  
0.1333E 03 ...~ .. 
0.7281E 00 
0.7270E 00 
0.17IkE 03 
0.7244E 06 
0.2106E-01 
0.1960E-01 
O.IP28E-01 
0.4393E 0 1  
0.7688E 03 
0.6184E-00 
0.1112E-02 
O.1112E-02 
0.4186E-00 
0.2210E 03 
0.1204E-00 
0.5273E-03 
0 . 5 I l l E - 0 3  
0.12ObE-00 
0.6457E 01  
3.1966E-01 
0.17WE-02 
0.S104E-03 
0.9269E-02 
O.362bE O k  
0.1973E 01 
0.836IE-02 
3.83bOE-02 
0 . @ 3 I V t 4 2  

0.767 
0 .292SE 02  
0.2 I 2  3E -03 
O.2113E-00 
3.2l lOE-00 
0.298OE 02 
0.211OE O S  
0.5523E-02 
0.5331E-02 
O.SZ95.E-02 
O . l Z 3 l E  0 1  
0.211IE 03 
O.llk9E-00 
3.4873E-03 
0.48bLIE-03 
0 .1150E-OD 
0.3509E 02  
0.2128E-01 
0 .334OE-03  
0.1112E-03 
0.233OE-0 I 
0.1432E 02  
O.1033E-01 
3.2930E-03 
0.1106E-03 
0.6218E-02 
0 . 1 3 8 O E  04 
0.7S09E 00 
0.3181E-02 
0.318IE-02 
0-318OE-02 

0.767 
O.186lE 53 
0.7937E 00 
0.109OE 00 
0.788OE 03 
0.18S8E 03 
O.7884E 0 4  
0.2060E-01 
0.1982E-01 
0.19651-01 
0.45531 01 
0.7864E 03 
0.4280E-03 
0.111136-02 
0.1813E-02 
0.628OE-00 
3.2262E 0 3  
0.1233E-00 
0 .S435L-03  
0.5243E-03 
0.1235E-03 
O.47SbE 01 
0.2012E-01 
0.119OC-02 
3.523SE-03 
0.916SE-02 
0 .3689E 0 4  
0.2008E 01 
0.8S04E-02 
0.1503E-02 
0.1503E-02 

0.9 
0.5419E 02  
0 . 2 3 3 1 E - U 3  
D.232lE-03 
0.2319E-03 
O.5414.E 02 
0.2325E 0 2  
0.3623E-02 
0.5553E-02 
0.5531E-02 
0 . 1 3 O O E  01 
0.2208E 03 
0. I Z O Z E - 0 0  
6.5lOOE-03 
0.5393E-03 
0.1203E-03 
0.341IE 02 
0 . 2 1 l l E - 0 1  
0.3325E-03 
0.1131E-03 
3.232lE-01 
0.1599E 0 2  
0.113OE-01 
0.2902E-03 
D.ll30E-33 
3.b84OE-02 
0.1462E 0 4  
0.7959E 00 
3.337lE-02 
O.33l lE-02 
0.3371E-02 

0.9 

0 . 8 3 ~ ~  03 
0.838~~ 00 

0.19bLE 03 
0 .8439E 00 

0.1979E 03 
3.8415E 04 
0.2333E-01 
0.2004E-01 
0.1991E-01 
0.4684E 0 1  
3.8315E 03 
0.4362E-00 
0.1848E-02 
3.1848E-02 
0.4362E-00 
0.230bE 0 3  
0.1258E-03 
3.558OE-03 
0.5350E-03 
0.12bOE-00 
0.3426E 01 
3.2354E-01 
3.1823E-02 
0.5341E-03 
3.9 IO4E-02 
0.3136E 0 4  
i . 2 3 3 3 E  01  
0.8611E-02 
3 . 8 6 l l E - 0 2  
3.06l lC-02 
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TABLE xr (CONT'D)  

ENTS OF DIFFUSION IN EQUILIBRIUM 
OF HYDROGEN AND URANIUM 

COEFFICIENT OF DIFFUSION, D~~ , IN F T ~ / S E C  

COEF FIC XTURES 

P= lOOO ATM, T = 2 0 , 0 0 0  DEG K 

PFUEL / P  

0.09 0.1 

O . ~ ~ Z ~ E - O Z  
0.7208E OD 

0.3293E-02 
0.3252E-02 
0.74SOE 00 
0.2596E 02 
3.3791E-03 
0.2607E-03 
0.2198E-03 
0.2482E-01 
0.1600E 01 
D . w ~ ~ E - o ~  
o.eaeoE-os 
0.5771E-OS 
D.IS62E-02 
0.2818E 01 
0.1531E-02 

0.65929-05 
0.147bE-02 

D.I+OIE-OS 

0.233 0.367 
0 . 9 e 7 7 ~ - 0 ~  

o .wooE-oz  

0.223SC 01  

0.9817E-DZ 

0.5 0.633 
3.3398E 01 
3 .1403C-01 
3.1479t-01 
0.1478E-01 
0.3481E 01 
3.lbOZt 0 3  
3 . 4 4 l O E - 0 3  
0.+?9OE-03 
O.kZ5JE-03 
3.8451E-01 
0.424lE-03 
0.6394E-03 
0.1218E-Ok 
3.6239E-05 
3.336bE-02 
0.5340E 0 1  
0.2742E-02 
3.1188E-04 
D.1167E-Ok 
3.2b52E-02 
0.2341E 01 
3.1274E-02 
3.5397E-05 
3.5397E-05 
0.1274E-02 
3.1200E 0 5  
1.b315E 00 
D.2009E-02 
3.2151E-02 
3.2677E-02 

0.9 
0.k336E 01 
0.1882E-01 
3.1879E-GI 
3 . IR78t -01  
3.4437E 01 

0 . 4 6 1 3 E - 0 3  
J.CS8bt-03 
D.k%80€-03 
0 .1333E-03  
3.1793E-03 
J. 5 359E-0 3 

0.bIZIC-05 

3.5366t 0 1  
0.2910E-02 
3.1252E-0* 
3.1237E-04 
3.2t l22t-02 
3.2533E 01 
0. I 3 1 9 t - 0 2  
3.5839t-05 
3.5839t-05 
3.1379.F-02 
3.164% 04 
3.779bE 00 
3.3329E-02 

0 . 3 3 O Z t - 0 2  

3 . i a 6 e E  0 3  

O . I ~ ~ R E - O +  

O . ~ S B R E - O Z  

0 . 3 3 1 8 ~ - 0 2  

0.767 
3.3886t 0 1  
D.lb9OE-01 
0.1687E-Dl  
3 .  I b86t -01 
3.3978E 0 1  
0.1631E 03 
0 . 4 5 1 8 t - 0 3  
0.4453t-03 
1.4k34E-03 
0.94 k2E-01 
0.28 75E-03 
0.5812E-03 
3.124lE-04 
0. bI 83C-05 
0 . 3 2 1 1 E - 0 2  
3 . 5 2  I I t  0 1  
3 . 2 8  3bE-02 
0 . 1 2 2 4 F - 0 4  
0. 120bt-04 
0.27k7E-02 
0.2468E 01 
0.133ZE-02 
0 . 5 6 4 3 E - 0 5  
0.5643E-05 
1 . 1 3 3 2 t - 0 2  
0.133lE 04 

3.338kt-02 
3.335lE-02 
0.3307€-02 

0 . 7 3 9 8 ~  OD 

0.0 1.0-1 1 
0.0 238.0-1  I 
0.0 238.0-1  2 

0.6S54E 00 
0.3149E-02 
0.3007E-02 

0.152TE 01 
0.6863E-02 
0.6782E-02 
0.6756E-02 

D.28S.E 01  
0.1253E-01 
0.IZIPE-OI 

0.0 238.0-1 3 
0.0 1.0-1 0 
1.0 0.0 1 - 1  
1.0 238.0 1 I 
1.0 238.0  I 2 

1.0 1.0 1 0 
238.0 0.0 I - 1  
2 3 8 . 0  1.0 I I 

1.0 238.0 1 3 

7 1 8 . 0  2 3 8 . 0  I 2 
238.0 238.0 I 3 

2 3 8 . 0  0 .0  z - 1  

2 3 8 . 0  238.0 2 I 
2 3 8 . 0  238.0 2 3 

238.0 1.0 1 0 

238.0  1.0 2 I 

238.0 1.0 2 0 
238.0 0 . 0  3 - 1  
238.0  1.0 3 I 
230.0  238.0 3 1 
2 3 8 . 0  23n.o 3 2 
7 3 0 . 0  1.0 3 0 

1.0 0.0 0 - 1  
1.0 1.0 0 I 
1.0 238.0 0 I 
1.0 238.0 0 2 
1.0 238.0 0 3 

0.2965E-02 
0.6779E 00 
0.2339E 02 
0.3771E-03 
0.2508E-03 
0.23138-03 
0.2313E-01 
0.1642E 01 
0.9993E-03 
0.8650E-OS 
D.S715€-OS 

3.iz4rE-01 
0.2931E 01 
O-1157E 03  
0.429OE-03 
0.4090E-03 
0.4015E-03 
D.7335E-01 
0.bOOOE 00 
0.7315E-03 

0.6215E-05 
0.2777E-02 
0-4817E 01 
3.2619E-02 
D.ll4ZE-04 
0-1116E-01 
0.2529E-02 
D-ZZOSE 01 
9. IZOOE-02 

3 .5084E-OS 
0.1200E-02 
O.1345E 0 4  

o . ~ ~ o ~ E - o *  

0.s3wE-os 

0.157OE 01 
0.SE52E 02 
3.4008E-03 
0.3420E-03 
0.3185E-03 
0.4437E-01 
0.1147E 01 
0.0589E-03 
0.1064E-04 
D.bI5lE-05 

0.229kE 01 

0.4164E-03 
0.3828E-03 
3.3694E-03 
0.60 15E-01 
0.8324E 00 
O.7707E-03 
0.114ZE-04 
0.626lE-OS 
0.24k5E-02 
0.44991 01 
0.2445E-02 
O.lO7e.E-04 
O.lO43E-04 
0.23578-02 
0.2021E 01  
O.1100E-02 
0.4660E-05 
O.4bbOE-OS 
O.11ODE-02 
0.8489E 03 
O.4347E-DO 

0 .8837~  02 

. ~ .~ 
O.1521E-02 
0.2673€ 01 
D. lkS2E-02 
O.lll6E-0S 

0.2046E-02 
0.396bE 01 
0.21S4E-02 
0.9704E-OS 

0.62bOE-05 
D.14OlE-02 
0.1399E 01  

0-Z533E-05 
0.2533E-OS 
0.5980E-03 
0.2687E 03 
0.1342E-OD 
0.9627E-03 
0.726IE-03 

D . S ~ ~ D E - O ~  

3 . 5 ~ 3 c - 0 3  

3.9213E-05 
O.2073E-02 
0.1730E 01 
0.941SE-03 
0.3988E-DS 
0.39lI09-05 
0.94LSE-03 
D.bO47E 03 

0.6339E-03 
O.2953E 03 

P =  1000 ATM, T = 60,000 DEG K 

0.233 0.367 MI M2 Z I Z 2  
0.0 1.0-1 1 
0.0 230.0-1  1 

0.0 230.0-1 3 
0 . 0  238.0-1 z 

0 . 0  1.0-1 0 
1.0 0.0 1 - 1  
1 . 0  230.0 1 1 
1.0 238.0 I 2 
1.0 238.0 I 3 
1.0 1.0 I 0 

238.0 0.0 1 - 1  
2 3 0 . 0  1.0 I I 

0.09 0.1 0.5 
O.ZZ3IE 02 
O-VIZbE-01 
O.PbI8E-01 
0.963OE-01 
O.ZZ71E 02 

0.633 
0.2630E 02 
0.1138E-00 
3.1131E-03 
3.  I I 29E-00  
0.2665E 02 
0.1124E 0 4  
0.3294E-02 
0.3397E-02 
3.3352E-02 
0.6976E 00 
0.1207E 03 
0.6575E-01 

0.767 
0.2986E 02 
O . I 2 ( I 8 € - 0 3  
0.1281E-00 

O . 3 3 Z l t  02 
3.1279E 0 4  
3 - 3 3 b b E - 0 2  
0 . 3 2 5 5 E - 0 2  
3 .3231E-02 
0 .749 l t  00 
3.1277E 03 
0.b95ZE-01 
0.295bt-03 
D.2948E-03 
J.6962E-01 
0.1557E 02 
0.1325t-01 
0.21916-03 
3.6123E-34 

o.iznoc-oo 

0.9 
0.3307E 02 
3.  l k 2 3 t - 0 3  
0.1418E-00 
3 . l k l 6 E - 0 0  
0.3363E 0 2  
3 .1419E 04  
0.3439E-02 
0.339RE-02 
3 . 3 3 8 8 ~ - 0 2  
3.7945t 03 
O.133bE 0 3  
3.7279E-01 
3.3397E-03 
3.33111f-03 
0.729ZE-01 
O . I + B + E  02 
0.13 1 5 E - O l  
3 . 2 3 1 5 t - 0 3  
0.6284E-Ob 
3.115RE-01 
0.1339E 0 2  
J.eiBeE-02 
O . I ~ ~ R E - O ~  
O.blR2E-04 
0.538kE-02 
3.92 30 t 3 3 

0.59661 01 
0-2971L-01 
0.273SE-01 
0.2683E-01 
0.6222E 01 
0.2356E 03 
0.4463E-02 
0.2401E-02 
0.1949E-02 
0.327kE-00 
0-7018E 02 
0.3820E-01 
0.1618E-03 
0.1bIBE-03 
D.~BZOE-OI 
0.17556 0 2  
O.Pb42E-02 
0.6S36E-04 
0. 43 15E-Ob 
0.9827E-02 
0.379kE 01 
D.ZS03E-02  
0.12net-03 
0.4119E-04 
0.179*E-02 
0-3752E 03 
0.2339E-OD 
O.9DbOE-03 
0.878OE-03 
3.07006-03 

D - M V I E  01  

0.2957E-01 
0.2909E-01 
0.6762E 01 
0.2590E 0 3  
0.429DE-02 
0.2396E-02 

0.317et-oi 
0.1274t 02 
0.570Ic-01 
0.5580E-01 

0.1T13E 02 
O.TIbSE-01 
0.7771E-01 

3.55S2E-01 
0.130SE 02 
0.532SE 03 
0.339(1~-02 
O . Z S Z B E - O ~  
0.2333E-02 
0.4782E-00 
O.PDk4E 02 
0.49239-01 

0.7750E-01 
O.182bE 02 
D.7S94E 0 3  
0.3242E-02 
0.2731E-02 
D.Zb16E-02 
3.5683E 00 
0.13291 03 
0.5b03E-01 
D.237bE-03 
0.2374E-03 
0.560bE-01 

0.13572-01 
0. LISbE-03 
0.547IE-04 
O.ll45E-01 
0.7462E 01 
3.4993E-02 
O.1438E-03 
9.5400E-01 
0.3142E-02 
3.63498 03 
0.3453E-00 
0.1472E-02 
3.1466f-02 
3.1464l-0)  

o.ieooE 02 

0.9532E 0 3  
0.3213E-02 
0.2923E-02 
0.28SlE-02 
0.6386E OD 
0.1127E 03 
0.6134E-01 
0.260kE-03 
0.2bOOE-03 
0.6139E-01 
0.1720E 02 
0.1348E-01 
0.17306-03 
OsS732E-04 
O. l lS8E-Ol 
D.907OE 0 1  
D.SP4bE-02 
D.LI I8E-03 
0.5664E-01 
0.3753E-02 
0.719SE 0 3  

0.1663E-02 
3.1660t-02 
O.lbS*t-O? 

0.39i*t-00 

~ . .. 
0.198OE-02 
0.34ZZE-00 
0.7213E 02 
0.39ZbE-01 
0.1663E-03 

.~~ - - 
238.0 238.0 I 2 

238.0 1.0 1 0 
2 3 0 . 0  0.0 2 - 1  

238.0 238.0 1 3 
0.2386E-03 
0.2085E-03 
O.4924E-01 
3 . 1 8 5 S t  02 
D.IO5lE-01 

. .. 
3.27P3E-03 
O.2787E-03 
D.bS81E-01 
0.1b37E 02 
0.1337E-01 

0.1663E-03 
0.3926E-Oi 
0-1777E 02 
0.9784E-02 
0.6912E-04 

230.0 1.0 2 1 

238.0 238.0 2 3 
2 3 8 . 0  1.0 2 0 
2 3 8 . 0  0 .0 3 - 1  

238.0 238.0 3 1 

238.0 1.0 3 0 
1.0 0.0 0 - 1  
1.0 1.0 0 1 

1.0 238.0 0 2 
1.0 238.0 0 3 

238.0 2 3 8 . 0  z I 

2 3 8 . 0  1.0 3 1 

2 3 8 . 0  238.0 3 z 

1.0 238 .0  o I 

0.1116E-03 
D.SIOZE-04 
3.11 IO€-01 
1.5704E 0 1  
0.38860-02 
D.1434E-03 
D.50lOE-04 
D.249OE-02 
0.S330E 0 3  
D.ZI98E-00 
0.124kE-02 
3.1234E-02 
D . l l ~ t - 0 2  

O.IPBOE-O~ 
3.594lE-04 
3.1162E-01 
3 .1353E 02 
0.6777E-02 
0.1391E-03 
3.SEb7C-04 
3.4329E-02 
0.79blE 03 
0.43ZOE-DO 
3.1833E-02 
3.1831E-02 
O.II3OE-02 

0.4405E-04 
0.9998E-02 
0.39201 01 
3.2607E-02 
0.1313E-03 
0.4224E-04 
0.1839E-02 
0.3903E 03 
0.212lE-OD 
0.9372E-03 
O.Pll7E-03 
0.9343f-03 

3.11blE-01 
3.1188E 02 
3.75ZlE-02 
3.1365E-03 
3 .b I lbE-06 
D.4874E-02 
3.8617E 03 
0.4689E-DO 
0.1987E-02 
0.1187€-02 
O.l*lbt-02 

0 . 5 0 2 3 E  00 
D.Zl28E-02 
3.2128€-02 
3.212lt-02 
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TABLE rn (CONT’D) 

COEFFICIENTS OF DIFFUSION IN EQUILIBRIUM MIXTURES 
OF HYDROGEN AND URANIUM 

COEFFICIENT OF DIFFUSION, oii ,  IN F T ~ / S E C  

0.0 1.0-1 1 
0.0 238.0-1 1 
0.0 238.0-1 2 
0 .0  238.0-1 3 
0 . 0  1.0-1 0 
1.0 0.0  1 - 1  

1.0 23U.O 1 2 
1.0 238.0  1 3 
1.0 1.0 1 0 

738.0 0.0 1 - 1  

1.0 23n.0 L 1 

~ . .  . 
I 3 n . o  1.0 1 1 
238.0  238.0 1 2 
238.0 238.0 I 3 
238 .C  1.0 1 0 
238.0 0.0  2 - 1  
218.0 1.0 2 I 
238.0 238.0 2 1 
2 3 8 . 0  238.0  2 3 
218.0  1.0 2 0 

238.0 1.0 3 I 

298.0 238.0 3 2 
2 3 8 . 0  1.0 3 0 

1.0 0.0 0 - I  
1.0 1.0 0 1 
1.0 2 3 8 . 0  0 1 
1.0 238.0  0 2 
1.0 238.0 0 3 

238.0 0.0 3 - 1  

21a.o 218.0  3 I 

0.09 
0 .219 lE  02 
0.13898-00 
0.1276E-OD 
0.1252E-00 
0.2883E 02 
0.11031 04 
0.2075E-01 
O.lO94E-01 
0.88598-02 
0.13078 01 
0.31681 03 
0.1724E-00 
0.7303E-03 
0.T3038-03 
D.lIZ4E-OD 
0.8963E 02 
0.48791-01 
0.20858-03 
0.20681-03 
0.40806-01 
D.11831 02 
0.89111-02 
0.67811-03 
0.1979E-03 
0.61558-02 
O . 1 2 l O E  04 
0.6583E OD 
0.2833C-02 
0.28OIE-02 
0.2791E-02 

P =  1000 ATM, T = 100,000 DEG K 

0.1 
0.30098 02 
0.147OE-00 
0.136bE-OC 
0.1343E-00 
0 .3104t  02 
O.1199E 04 
0.1975E-01 
0.108 1 E-0 I 
0.8902E-02 
0 .1367t  01 
0.3220E 03 
0.1752E -00 
0.74 2 1 E -03 
0.7421 E-03 
0.1752E-00 
0.9145E 02  
0 -49 7 7 t  -0 1 
0 - 2 1  13E-03 
O.Zl09E-03 
0 .S978E-0 1 
O.l lC5E 02 
0.892 6E -02 
0.6955E-03 
0.2C271-C3 
O . b O l 8 E - 0 2  . . . . . 
0.1253E 0 4  
0.6818E 00 
0.2929%-02 
0.2903E-02 
0.28961-02 

0.233 
0.S3481 02 
0.23941-00 
0.23388-00 
0.2326E-OD 
0.S4SSE 02 
0.22338 04 
0.1413E-01 
0.1029E-01 
0.9454E-02 
0.18518 01 
0.36468 0 3  
0.198kE-OD 
D.lWD4E-03 
D.8404E-03 
0.19848-00 
O.1046E 03 
0.5694E-01 
0.24708-03 
0.24178-03 
0.56988-01 
0.84528 01 
D.95888-02 
D.81528-03 
0.238ZE-03 
0.5316E-02 
3.1517E 04 
0.8578E OD 
0.36501-02 
D.3640E-02 
~ . ~ i t r - o z  

0.367 
o . b a i i  02 
0.3D61E-00 
0.33208-OD 
0 . 3 0 1 1 ~ - 0 0  
O.TOI68 01 
0.29S4E 04 
0.12418-01 
0.10318-01 
0.98398-02 ~~ ~~ . ._ 
0.20998 01 
0.38681 03  
0.2105€-00 
0 .891  7E-03 
0.89178-03 

0.2558E-03 
0.50 3 3E-02 
0.1701E 06 
0-9289E OD 

0.5 
O.Sl..f 02 
0.35638-00 
0.3531E-00 
0.3523E-OD 
0.83018 02 
0.36918 04 
0.1113E-01 
D.10438-01 
O.lDI4E-Ol 
D.ZZ54E 01 
0.4024E 0 3  
0.21908-00 
0.92768-03 
0.92768-03 
0.21908-00 
9.11598 03 
0.63198-01 
0.2816E-03 
D.2689E-03 
0.63298-01 
0.5DD31 01 
0.10468-01 
0.9381E-03 
0.26176-03 
0.490ZE-02 
0.17791 OS 
0.9681E 00 
0.41D5E-02 
0.41028-02 
0.41ozc-02 

0.633 
0.9164f 02 
O.3963E-OD 
0.393SE-OD 
0.3929E-OD 
3.92628 02 
0.39161 04 
J.ll35E-01 
0 ~ 1 0 5 1 1 - 0 1  
D.104OE-Dl 
0.2369E D l  
0.4147E 03 
0.2257E-OD 
0.95608-03 
0.95606-03 
0.2257E-DO 
0.11941 03 
0.6’5151-01 
0.29428-03 
0.2776E-03 
0.65298-01 

O.lO0LE-01 
0.93548-03 
D.2769E-03 
0.4841E-02 
0.1826E 04 
0.9939E 00 
0.*2121-02 
0.4ZlOE-02 
D.4210C-02 

0 . 3 9 8 6 ~  01 

0.767 
o.wm 02 
0.4295E-00 
0.42701-00 
0.42648-00 
D.IO06E 0 3  
0.4267E 04 
0.1113E-01 
0.1072E-01 
0.10628-01 
0.2461E 01 
0.4252E 03 
0.2314E-00 
0.98008-03 
0.9800E-03 
0.2314E-00 
D.IZZ3E 0 3  
D.6677E-01 
0.30546-03 
0.2849E-03 
O.6b95E-01  ..~. .~ .~ 
0.3231E 01  
0.11 13E-01  
0.9573E-03 
0.2845E-03 
0.*819E-02 
0.1861E OS 
0.1013E 01  
0.4290E-02 
0.5290E-02 
0.4219E-02 

0.9 
0.1063Z 03 
0.4574E-OD 
0.4552E-00 
0.4547E-00 
0-1072E 03 
0.4562E 04 
0 .1 lO lE-01  
0.1386C-01 
0-1082E-01 
0.2538E 01 
0.5343E 0 3  
0 . 2 3 6 3 t - 0 0  
D.10018-02 
0.1OOlE-02 
0.2363E-03 
3.lZCbE 0 3  
0.6813t-01 
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I 

I '  . VARIATION OF CORE ENERGY WITH IONIZATION LEVEL 
FOR THE URANIUM ATOM 
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COMPOSITIONS OF EQUILIBRIUM MIXTURES OF HYDROGEN' 
I 

AND URANIUM USING TWO DIFFERENT SETS OF 
IONIZATION POTENTIALS FOR URANIUM IONS 
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RANGE OF SCHMIDT NUMBERS 

IN EQUILIBRIUM MIXTURES OF HYDROGEN AND URANIUM 
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